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ABSTRACT 


Assessments were made the physical properties spray deposits from 
upwind and crosswind, single and multiple flight applications oil-carrier 
spray applied small aircraft equipped for commercial weed spraying. 
Volume deposits were determined colorimetrically petri dish collections 
the dyed spray. Droplet assessment data were obtained from photo- 
graphic enlargement printflex sampling cards. 

Three peaks spray deposit were found, resulting from the propeller 
blast and the wing-tip vortices. greater percentage spray was recovered 
ground level, and more variation volume deposit and droplet size 
occurred across the effective spray swath, the upwind flight than the 
crosswind flight application. Information obtained from these tests will 
used the construction spray booth, designed apply simulated aerial 
sprays practical small-plot basis, for determining the causes injury 
grain crops resulting from aerial application herbicide-oil mixtures. 


INTRODUCTION 


1952, serious injury spring wheat crops southern Alberta 
resulted from the aerial application the herbicide 2,4-D (2,4-dichloro- 
phenoxyacetic acid) low volumes oil carriers (6). The degree and 
extent injury were more serious than occurred from the same quantities 
herbicide applied water ground sprayers the same relative 
growth stages identical wheat varieties. Similar injury wheat has 
been reported from Montana (8) and North Dakota (11) result 
aerial spray applications both oil and water carriers, but most reports 
damage involved the use oils. 

1953, two large-scale trials were conducted using aircraft for the 
application 2,4-D, rate oz. acid equivalent per acre, four 
types oil carrier (7). The trials, though showing that crop injury 
could occur, pointed out the impracticability using aircraft test 
adequately the different rates 2,4-D combination with various carriers 


1 Joint Contribution from Experimental Farms Service, Canada Department of Agriculture, and Defence 
Research Board, Canada Department of National Defence. 
2? Field Husbandry Section, Experimental Farm, Lethbridge, Alberta. 
3 Formerly with Entomology Section, Suffield Experimental Station, Ralston, Alberta; now with Forest 
wr Division and Entomology Division, respectively, Science Service, Canada'Department of Agriculture, 
ttawa. 
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under varying conditions. Therefore, was considered advisable 
construct experimental spray unit usable for the application simu- 
lated aerial sprays small plots approximately 0.004 acre. 

Before the final details construction for the spray unit could 
outlined, was necessary know the various characteristics repre- 
sentative spray applied small aircraft under commercial operating 
conditions. Considerable information has been published (1, 
reporting details spray patterns the basis volume deposit, and 
some efforts have been made adjust aircraft spray equipment equalize 
spray patterns (1, However, little any information relating 
the size and distribution herbicide spray droplets was available the 
literature (3). 

was decided obtain complete evaluation herbicide spray 
deposits applied small aircraft equipped with representative 
commercial- -type sprayer operated manner similar that used for 
weed spraying southern Alberta. This paper reports the assessment 
the physical properties the spray deposits from upwind and cross- 
wind, single and multiple flight applications made under known conditions. 


MATERIALS AND METHODS 

Piper Cub high-wing monoplane, having 35-foot 
wingspan and equipped with Sevdy Sorensen boom sprayer, was used for all 
tests. The boom carried Whirljet 1/16-inch diameter disk orifice 
nozzles, with diaphragm check valves. Seven nozzles were located 
each half the boom, the total boom length between end nozzles being 
293 feet. the left the centre line the aircraft, the first nozzle 
was located distance inches, and the remaining six nozzles were 
evenly spaced 24-inch intervals. the right centre, the first two 
nozzles were located distances and inches, and the other five 
nozzles were spaced 24-inch intervals. wind-driven propeller 
operated the pump regulated pressure p.s.i. transfer the spray 
liquid from the supply tank the boom. The spray unit was designed 
cover 20-yard swath normal spray-flight heights feet. 

dyed herbicide mixture was used for the single flight trials conducted 
November 17, 1954. This mixture (specific gravity 0.86 25° C., 
viscosity 1.9 centipoise 25° C.) consisted winter-grade diesel fuel, 
2,4-D ester, acid equivalent per Imperial gallon), and Williams 
Red dye, the proportions 87.4, 12.3 and 0.3 per cent weight, 
respectively. Because unforeseen circumstances, was not possible 
use the above-mentioned mixture for the multiple flight trials May 
11, 1955. The solution used this date (specific gravity 0.83 25° C., 
viscosity 2.5 centipoise 25° C.) was domestic fuel oil which was 
added 0.4 per cent Williams Red dye, but 2,4-D. 

The trials were carried out reasonably level, short-grass prairie 
area. The sampling layouts for all four trials consisted four parallel 
rows sampling lines, 200 yards apart. The sampling lines, laid 
down shortly before the individual trials, were 100 and 140 yards length 
for the single and multiple flights, respectively. The lines for the cross- 
wind trials were parallel to, and for the upwind trials right angles to, 
the forecast wind direction. All flight runs were made right angles 
the sampling lines. 
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The sampling points for the crosswind single flight trial (Trial 
were 1-yard intervals for the first yards from the upwind end the 
sampling line, and 5-yard intervals for the remaining yards. One 
the lines was extended total length 500 yards, and sampling points 
were established 10-yard intervals for the first 100 yards the extension 
and 20-yard intervals for the remainder the distance. The flight 
line for this trial was directly over the sixteenth sampling point from the 
upwind end the sampling lines, being set ensure complete col- 
lection spray the upwind edge the spray swath. 


The sampling points for the upwind single flight test (Trial 2), 
which the aircraft passed over the centre the sample lines, were estab- 
lished 1-yard intervals for distance yards each side centre, 
and 5-yard intervals for the remaining distance the ends the lines. 


For both the crosswind and upwind multiple flight tests (Trial and 
Trial 4), the sampling points were established 2-yard intervals for the 
total length all lines. Six individual runs, 20-yard intervals, were 
made for each the multiple flight tests provide spray pattern such 
would obtained actual crop spraying operation. The flight 
approach was made from the same direction for all six runs each the 
multiple flight tests. 

For the crosswind trial, the first run was made over point 110 yards 
from the upwind end the sampling lines, and each successive run was 
made yards nearer the upwind end the lines. The first spray 
run for the upwind trial was made over point yards from the left end 
the sampling lines, and successive runs were made yards farther 
the right. 

Spray was emitted for total distance 1400 yards for the single 
flight trials. For the multiple flight trials the spray emission runs were 
reduced 1000 yards obviate the possibility running out spray 
material. spray was emitted for minimum distance 200 yards 
either end the sampling area ensure complete spray coverage 
the sampling lines. 

The actual amount spray emitted for the trials was obtained 
weighing the spray material and out the aircraft before and after 
each trial. Each flight run each trial was timed over the measured 
emission distance, and the information was used calculate the ground 
speed the aircraft and the spray emission rate. Height flight for all 
spray runs was calculated from data obtained theodolite readings 
taken the aircraft passed over the first and last sampling lines. Meteor- 
ological observations were taken during each spray run distance 
200 yards from the sampling layouts. 

Samples the depositing sprays were collected petri dishes for 
colorimetric assessment deposit densities, and printflex cards (2) 
for droplet analyses. For these purposes both portions 9.5-centi- 
metre petri and 3-inch printflex card, were placed 18- 
18-inch cardboard ground level each sampling point. 


For the assessment the deposit collected the petri dishes, 
cubic centimetres mixed solvent (one part xylene three parts odourless 
kerosene) were used wash the spray deposit from each petridish. Deter- 
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mination the sampled deposit rate was obtained colorimetric reading 
the dye concentration the collected sample compared with that 
obtained from known concentration the dyed spray the solvent. 

The droplet assessment the printflex card samples was conducted 
the manner described Hurtig (2), which the stained droplets 
the cards were counted and sized from photographic enlargement 
the printflex sampling cards. 


RESULTS AND DISCUSSION 


The pertinent meteorological data obtained the time the trials 
are given Table 


TABLE 1.—METEOROLOGICAL DATA OBTAINED AT THE TIME OF THE FOUR AERIAL 
SPRAY TRIALS, RALSTON, ALBERTA 


Single Flight Multiple Flight 
Crosswind Upwind Crosswind Upwind 


Date November 17, 1954 May 11, 1955 
Time (hr. M.S.T.) 1528 1610 1907-1915 1939-1947 
Wind speed (m.p.h. m.) 3.0 10.6 10.3 
Wind direction (°T.) 295 300 262 254 
Temperature gradient, 
(°F.) 0.5 2.4 1.6 1.6-1.9 
TABLE 2.—AIRCRAFT OPERATIONAL DATA FOR FOUR AERIAL SPRAY TRIALS, RALSTON, 
ALBERTA 
Single Flight Multiple Flight 


Crosswind Upwind Crosswind Upwind 


Wind direction flight line —85° +10° 103° 
Calculated true air-speed 

Aircraft height (ft. from boom 

Emitting time (sec.) 39.0 42.5 164.0 152.0 
Solution emitted 248* 


*Total emitted for Trials and 
**Emission rate for Trials and 
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WIND 


DEPOSIT QT./AC, 
- N £& O 


DISTANCE FROM FLIGHT LINE YD. 


Spray deposit ground level for the four sampling lines, measured 
colorimetrically, resulting from crosswind single flight emission (theoretical rate 
qt./acre 20-yd. swath width). Ralston, Alberta. November 17, 1954. 


All trials were conducted under fairly stable atmospheric conditions 
indicated the temperature gradients. The conditions slight 
inversion were such would occur the early morning and late afternoon 
the time year when crop spraying normally conducted. 


Aircraft operational data are summarized Table 


The wind deviated from the flight lines and degrees for the 
upwind single and multiple flight trials, respectively. These deviations 


account for the one-sided patterns that were obtained the upwind 
trials. 


The volume deposits quarts per acre, determined colori- 
metric assessments, are shown graphically for the single flight crosswind 
and upwind trials Figures and respectively. 
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Spray deposit ground level for the four sampling lines, measured 
colorimetrically, resulting from upwind single flight emission (theoretical rate 
qt./acre 20-yd. swath width). Ralston, Alberta. November 17, 1954. 


Considerable variation deposit was obtained between the two 
trials, and the four sampling lines each trial. general pattern 
indicated for both trials with three more less distinct peaks deposit 
resulting from the action the propeller blast and from the wing-tip 
vortices. The peaks the spray deposit were not pronounced 
those obtained other workers (1, 10) using uniform spacing nozzles. 
However, evident that the non-uniform spacing the nozzles the 
equipment used these trials did not have sufficient compensating effect 
give near-uniform deposit across the effective spray swath width. 

the crosswind single flight trial measurable deposit was recovered 
distance yards past the downwind end the effective swath, and 
traces spray were found the end the one extended sampling line, 
total distance 485 yards downwind from the centre point emission. 

comparison the deposit rates individual sampling lines for the 
crosswind and upwind single flight trials shows that the peak volumes 
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DEPOSIT QT./AC. 


DISTANCE FROM BASE FLIGHT LINE YD. 


Overlap spray deposit ground level for crosswind and upwind 
flights calculated from single flight emissions (theoretical rate qt./acre 
20-yd. swath width). Ralston, Alberta. November 17, 1954. 


were lower and the variations from point point along the 20-yard 
effective swath were less for the crosswind flight. This shown Figure 
which illustrates the theoretical overlap swaths constructed from the 
average the four sampling lines each trial. 


the area complete coverage these theoretical overlaps, the 
range deposit was 1.46 2.72 quarts per acre (average 1.91 quarts per 
acre) for the crosswind trial compared with range from 1.42 4.57 
quarts per acre (average 2.57 quarts per acre) for the upwind trial. 


The portions spray material recovered ground level were calcu- 
lated for the single flight trials and per cent, respectively, for the 
crosswind and upwind flights. The greater recovery from the upwind 
flight may have been due part the longer effective sampling distance 
and also because the settling effect spray droplets the swirl and down- 
ward blast the aircraft less disturbed the flight upwind rather 
than crosswind. 


the droplet assessment the single flight trials eleven size groups 
were used, covering the range droplet sizes from 630 dia- 
meter. The diameter droplet was the smallest giving measurable 
stain the sampling card. 


greater total number droplets was collected for the upwind 
trial, calculated 34.8 per cent more, than for the crosswind trial. This 
percentage increase number droplets almost identical with the 
increased measured volume deposit the upwind trial 34.6 per cent 
determined from the calculated overlap patterns shown Figure 
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WIND 


DEPOSIT 


DISTANCE FROM BASE FLIGHT LINE YD. 


Spray deposit ground level for the four sampling lines, measured 
colorimetrically, resulting from crosswind multiple flight emissions (theoretical rate 
qt./acre 20-yd. swath width). Ralston, Alberta. May 11, 1955. 


The frequency median the droplets collected the 
sampled area was less than for both single flight trials, and the mass 
median diameter? was 238 for the crosswind trial and 255 for the 
upwind trial. figures indicate that there was preponderance 
small droplets for both types application, and also that the average 
size the collected droplets was larger for the upwind flight than for the 
crosswind flight. 


Frequency median droplet, above below which per cent the 
number collected droplets ranged. 

2 Mass median diameter—size of droplet, diameter in yx, above or below which 50 per cent of the mass 
of collected droplets ranged. 
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WIND 


DEPOSIT 


DISTANCE FROM BASE FLIGHT LINE YD. 


Spray deposit ground level for the four sampling lines, measured 
colorimetrically, resulting from upwind multiple flight emissions (theoretical rate 
qt./acre 20-yd. swath width). Ralston, Alberta. May 11, 1955. 


The colorimetrically-determined volume deposit assessments for the 
individual sampling lines the crosswind and upwind multiple flight 
trials are illustrated Figures and respectively. 


Considerable variation ‘across the swaths evident for both types 
application, and, although the general pattern the deposit the 
sampling lines the same, greater variation volume deposit across the 
sprayed width occurred for the upwind trial than for the crosswind trial. 
This fact best illustrated the graphs Figure which represent the 
average for the sampling lines the two multiple flight tests. 
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WIND 


DEPOSIT QT./AC. 


DISTANCE FROM BASE FLIGHT LINE YD. 


Spray deposit ground level, measured colorimetrically, averaged for 
the four sampling lines crosswind and upwind multiple flight emissions (theoretical 
rate qt./acre 20-yd. swath width). Ralston, Alberta. May 11, 1955. 

Considering only the four swath widths the area complete 
coverage, the average volume deposit was found 1.79 quarts per acre 
(variation from 1.08 2.72 quarts) for the crosswind trial compared 
with average deposit 2.23 quarts per acre (variation from 1.15 
3.63 quarts) for the upwind trial. 

The multiple flight tests represent the spray coverage patterns 
expected when sprays are applied land for complete coverage needed 
for herbicide treatment. evident that the crosswind spray applica- 
tion gives more uniform coverage than the upwind spray application, 
and thus would allow for herbicide application crops with less deviation 
from the intended rate. The following calculations, based the volume 
deposit data obtained these tests, serve illustrate the point. 
had been intended apply dose herbicide 2-quart-per-acre 
volume, then the crosswind application would have applied the herbicide 
average rate 3.6 oz. with range from 2.2 5.4 oz., compared 
with the upwind application giving average 4.5 oz. ranging from 2.3 
7.3 oz. 

The determined spray recovery was per cent for the crosswind 
and per cent for the upwind multiple flight trial. Some spray deposit 
was known have occurred the downwind edge the collection layout, 
and these recovery percentages are likely slightly low. 

The size droplets collected the sampling cards the multiple 
flight trials varied from 450 diameter. The maximum droplet 
size was less than the 630 diameter the largest droplets collected 
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TABLE 3.—PERCENTAGE FREQUENCY AND MASS THE VARIOUS DROPLET SIZE GROUPS, 
OBTAINED FROM DROPLET SIZING ASSESSMENTS, FOR THE CROSSWIND AND 
UPWIND MULTIPLE FLIGHT AERIAL SPRAY TRIALS!, RALSTON, ALBERTA 


Droplet Average Crosswind Upwind 
ize ass per 
Range Droplet Frequency Mass Frequency Mass 
0.13 30.6 27.6 1.8 
73-113 0.64 11.6 30.3 9.5 
114-152 14.4 12.8 15.1 
153-182 2.70 7.3 11.3 8.9 
183-217 4.30 18.4 7.8 16.4 
218-245 6.50 4.3 16.2 16.4 
246-285 10.00 2.6 15.0 17.1 
286-335 16.70 0.9 8.3 9.7 
336-375 23.00 2.9 0.26 2.9 
376-415 33.00 0.04 0.87 0.13 
416-450 40.00 0.02 0.39 0.94 0.39 
Frequency Median Diameter 100 
Mass Median Diameter 210 215 


1 Based on data from the four swath widths in area of complete spray coverage. 


TABLE DATA FOR CROSSWIND AND UPWIND MULTIPLE FLIGHT AERIAL 
SPRAY TRIALS!, RALSTON, ALBERTA 


Multiple Flight 


Crosswind Upwind 
Mean volume deposit (qt./acre) 1.79 0.67 2.23 0.80 
Mass median diameter 210 215 
Maximum and minimum droplet diameter 
450-20 
Frequency median diameter 100 
Mean droplet density (no./sq. cm.) 25.8 5.62 36.4 7.21 


Based data from the four swath widths area complete spray coverage. 


the single flight trials. will remembered that different spray materials 
were used, and possible that the combination winter-grade diesel 
fuel and 2,4-D ester may have been less volatile than the stove oil. 
also possible that slight changes spray equipment and the higher tem- 
perature, lower relative humidity, and greater wind velocity the time 
the multiple flight tests may have caused reduction droplet size. 

summary the droplet sizing data from the multiple flight trials 
presented Table for the four swath widths the area complete 
coverage. 

greater percentage small droplets and smaller percentage 
large droplets were collected the crosswind test than the upwind 
test. The possible reasons for this occurrence would the same 
suggested the discussion the single flight trials. 

general summary the data obtained from the multiple flight 
trials given Table again based information from the area 
complete spray coverage. 
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The increased volume deposit for the upwind flight was apparently 
due increased number droplets per unit area, and also the 
slightly larger droplets collected ground level. 


The information presented this paper relating the range 
volume deposit and droplet size illustrates the relative non-uniform spray 
pattern that may expected from aerial spray application. The data 
will useful the construction spray booth for the application 
simulated aerial sprays with herbicides oil carriers. The limits 
volume deposit ground level for intended 2-quart-per-acre application 
have been determined from approximately quarts per acre. The 
spray has been classified having frequency median diameter droplets 
close 100 and mass median diameter approximately 210 when 
the collected droplet sizes range between and 450 diameter. 
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LAND NORTHERN CANADA! 
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ABSTRACT 


The establishment reported nine forage species various soil types. 
The areas involved had been burned over September, 1950. Seedings 
grasses and legumes were made two locations late October, 1950, about 
six weeks after the burn and four locations early April the following 
spring. 

Percentage ground cover was determined for each species the first and 
fifth years after seeding. Time seeding did not influence the establish- 
ment the grasses but the performance the spring-seeded legumes was 
superior that inautumn. Creeping red fescue, bromegrass and 
alfalfa exhibited the greatest adaptability, while crested wheatgrass and red 
proved unsatisfactory for reclaiming burned-over soils this region. 
Sweet clover established itself readily and, since the plots were not grazed, 
reseeding was prevalent. Grasses showed symptoms nitrogen deficiency 
except where legumes were present. 


INTRODUCTION 


Preliminary investigations dealing with the seeding burned-over 
lands were commenced Degraded Black soil the Peace River region 
1946 (4). early attempt re-grassing was highly successful. 
more concentrated program was initiated the late autumn 1950 
following fires which ravaged some 1,000,000 acres wooded land this 
area. Following the fire, charred poplar and coniferous trees, stumps and 
debris remained, but these were not sufficiently prominent hinder 
grazing livestock (Figure 1). 

Previous work (2, suggests that satisfactory stands can 
established where the ash deep enough cover the seed. These investi- 
gations have also shown that erosion can largely prevented seeding 
done immediately following the burn. Workers British 


found that certain forage species established satisfactorily but that the 
majority the burned-over soils were suitable only for reforesta- 
tion. 

Satisfactory establishment sweet clover and alfalfa burned-over 
land has been reported farmers and ranchers northern 
All workers advised seeding soon possible following the fire. 


MATERIALS AND METHODS 


The following locations representing different soil types were selected: 
Westvale, Alberta—Degraded Black Black solodized solonetz loam 
(Valleyview series). 


1 Contribution from Division of Field Husbandry, Soils and Agricultural Engineering, and Division of 
Forage Crops, Experimental Farms Service, Canada Department of Agriculture. 

2 Formerly Senior Agronomist, Soil Fertility, Beaverlodge, Alberta, and now Superintendent, Experi- 
mental Farm, Fort Vermilion, Alberta. 

3 Agronomist, Forage Crops, Beaverlodge, Alberta. 

4 Cited by Preston, S. G., Supervising District Agriculturalist, British Columbia Department of Agri- 
culture, Prince George, B.C. — Private communication, October, 1951. 

§ Cited by Wood, V. A., Director of Lands, Alberta Department of Lands and Mines, Edmonton, Alberta. 
—Private communication, January, 1946, 
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establishment cultivated grasses and legumes. 


Doe River, British Columbia—Grey Wooded sandy loam. 

Mile 22, Alaska Highway, British Columbia—Grey Wooded sandy loam. 
Mile 113, Alaska Highway, British Columbia—Grey Wooded soil, 
shallow and stony. 

the first three locations the burned forest cover was composed 
largely light medium stands willow and poplar with some coni- 
ferous growth. Mile 113 the growth was mainly coniferous. 

Much the organic matter was destroyed the fires, the depth 
ash ranging from inches. 

Autumn seedings were made Mile 113, and Westvale late 
October, 1950, inches snow. Spring seedings were made 
the four locations early April before all the snow had disappeared and 
while the frost was the ground. The seed was broadcast hand 
plots feet square. Plots were triplicate, arranged randomized 
block design. All legume seed was inoculated, except that used for the 
autumn seeding Mile 113, Alaska Highway. The burned soil and 
debris were disturbed little possible. 

Forage species seeded and rates pounds per acre were follows: 
Crested wheatgrass (Fairway)—10; creeping red fescue brome- 
grass (Commercial)—12; Kentucky bluegrass (Commercial)—5; timothy 
(Commercial)—5; alfalfa (Grimm)—10; sweet clover (Arctic)—12; alsike 
clover red clover (Altaswede)—8. 

The establishment each species was determined visual obser- 
vation August, 1952, and again August, 1955. Readings for each 
the three replicates were averaged and recorded per cent ground 
cover (Table 1). 

Because the variable nature the data, they were analysed sta- 
tistically angular transformation outlined Hayes and (1). 
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northern British Columbia burn provided conditions suitable for 
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RESULTS AND DISCUSSION 


Forage plant establishment was most successful Grey Wooded 
sandy loam Doe River and Mile 22, Alaska Highway, where the depth 
ash averaged inches. Establishment was less successful but still 
satisfactory Westvale compacted Degraded Black Black loam 
and Mile 113, shallow and stony Grey Wooded soil. these 
locations, wind and water removed considerable quantities ash. 
data Table indicate, grass did not appear influenced time 
seeding, but legumes established themselves more readily when spring- 
sown. Also, shown Table autumn-seeded legumes Westvale 
remained weak for the first two years, but gradually strengthened nodular 
development increased. Native plants invaded all plots where seeded 
forages did not make full stands. some instances native grasses and 
forbs became dominant (Figure 2). 

The predominant native forbs and grasses involved were Epilobium 
angustifolium L., Dracocephalum parviflorum Nutt., Geranium spp., 
egia brevistyla Hook, Compositae spp., Rosa spp., Agrostis stolonifera Far- 
well, Calamagrostis spp. with associations Agropyron and Poa spp. 
There was some regeneration Populus tremuloides Michx. and Salix spp. 

the time the August, 1955, examination, creeping red fescue, 
Kentucky bluegrass and bromegrass exhibited the greatest adaptability 
the grasses (Figure 3). Timothy established itself satisfactorily where 
moisture was adequate but stands declined with age. Crested wheatgrass 
proved unsatisfactory. 

There was marked evidence nitrogen deficiency the grass stands 
the second and subsequent years. This was indicated yellowing, 
lack thriftiness and substantial increase vigour where volunteer 
legume plants occurred and where grass stands bordered legume plots. 
Native plants also grew more luxuriantly associated with seeded legumes. 

Sweet clover continued reseed beneath the previous year’s growth 
(Table 1), but shading the seedlings limited development. was 
demonstrated, however, that unpastured sweet clover will continue 
reseed and spread throughout the burned area. Alfalfa and alsike con- 
tinued produce good growth and spread throughout the seeded areas. 
Altaswede red clover was gradually eliminated most locations. 


CONCLUSIONS 


Adapted species grasses and legumes can satisfactorily estab- 
lished burned-over areas the Peace River region. Under favourable 
conditions, abundant forage produced and the soil stabilized against 
erosion. 

this investigation better results were obtained from seedings made 
the early spring following the fire rather than the late fall, only 
few weeks after the burning. 

Evidently the establishment cultivated forage was independent 
soil type but sufficient depth ash provide seedbed was required. 

Burned soils are low organic matter and grasses growing pure 
stands showed nitrogen deficiency symptoms. This was corrected where 
legumes grew association with the grasses. 
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FIGURE 


FIGURE 


Fireweed, Epilobium angustifolium, growing burned-over land five years 
after the burn. 


Establishment creeping red fescue burned-over Grey Wooded 
sandy loam. 
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PHYSIOLOGICAL RACES VENTURIA 


[Received for publication January 24, 1956] 


ABSTRACT 


Cultures Venturia were isolated from infected apple leaves and 
fruits received from various parts Canada. The isolates differed their 
ability produce spores and certain extent their growth. Variations 
were observed among monoconidial isolates obtained from tissue isolate. 
Monoconidial cultures from isolate varied the shape, size, and colour 
their colonies and their pathogenicity different varieties and seed- 
lings. would appear, therefore, that distinct physiological races this 
fungus occurred among isolates tested. 


INTRODUCTION 


Apple scab, caused Venturia inaequalis (Cke.) Wint., disease 
great economic importance most regions where apples are grown. 
Effective means control with fungicidal sprays and dusts are general 
use. However, the most effective means control would the use 
resistant varieties, and some research centres have undertaken program 
breeding apple trees for resistance scab. Canada, co-operative 
project for this purpose was organized 1949 the Horticulture Division, 
Experimental Farms Service, and the Botany and Plant Pathology Divi- 
sion, Science Service, Ottawa, Ontario. 


The present paper reports the results obtained experiments 
determine whether not pathogenic races exist Canada. 


MATERIALS AND METHODS 


large number apple leaves and fruits infected with scab 
secured from different parts Canada. The fungus was isolated the 
following manner: pieces infected tissue, chiefly fruits, were cut 
from the edge the lesions. The pieces were dipped for one minute 
bleaching powder solution, adjusted the equivalent per cent available 
chlorine, washed sterile water, placed half-buried 
agar (1.5 per cent dextrose), Petri dishes, and incubated 14.5 C., the 
optimum temperature for the growth the fungus. After week, transfers 
were made tubes containing the same culture medium and then main- 
tained Such cultures are referred this paper ‘‘tissue 


Colonies the different isolates were mostly dark colour, few 
being brown and few white. form, they were all more less raised. 
The edges varied from circular irregular, and the surface from smooth 
velvety rugose. 


1Joint contribution from Botany and Plant Pathology Division, Science Service—Contribution No. 
1536—and Horticulture Division, Experimental Farms Service—Contribution No. 876—Canada Department 
of Agriculture, Ottawa, Ontario. 


2Associate Plant Pathologist, Botany and Plant Pathology Laboratory, Science Service, Ottawa, Ontario. 
Horticulture Division, Experimental Farms Service, Ottawa, Ontario. 
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TABLE 1.—GROWTH AND SPORE PRODUCTION inaequalis 
DIFFERENT CULTURE MEDIA 


Fredericton St. Catharines Summerland 
isolate isolate isolate 


Culture 


colony spores colony spores colony spores 


mm mm mm 
Malt extract agar 
Potato-dextrose agar 


Since the large number isolations obtained were from widely 
separated areas Canada, was expected that most, not all, the 
physiological races biotypes the fungus present Canada would 
represented the colonies that developed. 

The variability the pathogen was studied using monoconidial 
cultures isolated from the tissue isolates the following manner: loopfuls 
spore suspensions were placed potato-dextrose agar Petri dishes. 
hours, the germinating spores were picked separately with 
modified Keitt (6) under dissecting microscope, and 
transferred slants tubes. Where sporulation occurred, single 
hyphal tips were used. 

The inoculum used the pathogenicity trials was prepared from the 
monoconidial and single-hyphal-tip cultures according modification 
the method described Keitt and Palmiter (2). band filter 
paper, inches wide, was inserted inside wide-mouth, 250-ml. Erlen- 
meyer flasks cover the lower part the inner surface the wall 
the flask. Forty ml. potato-dextrose solution per cent dextrose) 
was then placed each flask and sterilized for minutes Ib. steam 
pressure. 

The nutrient solution was seeded with spore suspension prepared 
from (a) number tissue isolates; (b) single tissue isolate; (c) 
monoconidial culture. Then the flasks were tilted and after half-hour 
rotated half turn, order allow the spores settle over the surface 
the band. The flask cultures were incubated for weeks 
For the preliminary pathogenicity tests, and that with the Alexis variety, 
the nutrient solution was decanted, ml. water was added each 
flask, the flasks agitated, and the spores washed out. This spore suspension, 
diluted with water obtain one containing 100 spores per field low- 
power objective microscope (100X), was used for the inoculations. 
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TABLE 2.—PATHOGENICITY MONOCONIDIAL CULTURES inaequalis 
APPLE VARIETIES AND SEEDLINGS 


Monoconidial isolates! 


Variety and seedling 


Petrel 

Dolgo III III 

Louise 

Antonovka III 

0-201 III 

0-205 

0-206 

0-211 III 

0-223 

0-231 

0-235 III 


1Monoconidial culture 1 from Geneva crab (Kentville, N.S.), 2 and 3 from McIntosh (St. Catharines, 
Ont.), and 4 and 5 from Cortland (Rougemont, Que.). 
2Roman numerals indicate infection classes. 


For the pathogenicity test reported Table above, the inoculations 
were made pieces the matted growth the fungus, consisting 
mycelium and conidia, the upper surface the leaves and rubbing 
the pieces with flattened needle. The apple trees and seedlings employed 
the inoculation experiments had been vegetatively propagated, and 
therefore were assumed genetically identical. 


The infection classes used describe the degree infection species, 
varieties, and seedlings inoculated, are those defined Spangelo al. (8) 
follows: 


II. Pin-point depressions with sporulation. 
III, Irregular, necrotic, chlorotic depressed lesions with sporulation. 
IV. Lesions few, elongated irregular, necrotic chlorotic, with sparse sporulation. 
Stem lesions leaf lesions, necrotic chlorotic, elongated irregular, sporu- 
lating freely. 


VARIATIONS CULTURES 


Variations cultures have been reported Wiesmann 
(9), Palmiter (4, 5), and others. Schmidt (7) reported that 448 macro- 
scopically distinct types cultures were obtained from 473 isolations. 
the investigations reported here, comparison was made the growth 
three tissue isolates the pathogen from specimens obtained from 
Fredericton, N.B., St. Catharines, Ont., and Summerland, B.C., and 
grown different concentrations two different media. The experiment 
was performed quintuplicate culture tubes 18° for weeks. 
the width the colonies was limited the sides the tubes, their 
average length was taken the criterion the amount growth. 
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parative spore production was determined adding ml. water 
each the five culture tubes, rubbing the colonies lightly with needle, 
agitating the tubes, and pouring this spore suspension into empty tube. 
This suspension from the five culture tubes was further agitated and drop 
placed microscope slide and covered with cover slip. The spores 
five low-power fields the microscope were counted, and this figure was 
taken representative the spore production the isolate. The results 
obtained are shown Table 

The Summerland isolate did not sporulate any medium. made 
good growth, indicated colony size, all the media, except 
per cent malt extract agar which growth occurred. 

The Fredericton isolate produced its largest number spores 
per cent malt extract agar, and made good growth and per cent 
malt extract agar and the potato-dextrose agars. The St. Catharines 
isolate produced its largest number spores and per cent potato- 
dextrose agar and made moderate growth and per cent malt extract 
agar and the potato-dextrose agars. Although there was variation 
the amount vegetative growth, variation spore production was more 
pronounced. evident that the three isolates differ their growth 
and more their ability produce spores different substrata, and 
these findings suggest that physiological races biotypes may present 
Canada.* 


VARIATION PATHOGENICITY 


1951, McCrory and Shay (3) reported that Alexis and Dolgo had 
shown only necrosis without sporulation greenhouse tests with 
Indiana, and Wisconsin isolates, and had remained scab-free the field 
Indiana since 1948, but that they had found these two varieties highly 
susceptible scab South Dakota 1951. 

greenhouse infection test Ottawa 1950, 2-year-old potted 
trees were inoculated with mixture spores from representative number 
tissue isolates. The Alexis variety proved highly susceptible, 
showing some Class infections. 

The parentage the seedlings referred Table follows: 


0-185 (Martin Barnock Beauty) 

0-201 (Duchess 

0-205 (Wapella 

0-206 (Wapella 

0-211 (Martin selfed) 

(Martin Wealthy) 

0-231 (Rosilda Wapella) 

0-235 (Rosilda 

Kingsmere sdlg. No. (Selection pumila) 
Kingsmere sdlg. No. (Selection pumila) 


Preliminary tests indicated that the pathogenicity monoconidial 
cultures may differ from that the tissue isolate from which they are 
obtained. For example, tissue isolate from Geneva was highly virulent 


*This paper was prepared before the appearance of Shay, J. R., and E. B. Williams, Identification of 


three physiologic races of Venturia inaequalis. Phytopathology 46 : 190-193. 1956 


106 CANADIAN JOURNAL PLANT SCIENCE [Vol. 


Geneva and McIntosh (Class V), but monoconidial culture from 
this tissue isolate when tested the same varieties was still highly virulent 
Geneva (Class V), but only mildly pathogenic McIntosh (Class III). 
was, therefore, decided extend the pathogenicity trials with mono- 
conidial cultures inoculating number varieties and seedlings with 
several such cultures. 


Three monoconidial cultures were used inoculate apple varieties 
and seedlings and two other such cultures were tested three varieties. 
The cultures were grown flasks previously described. The inoculation 
was made placing pieces the matted growth the fungus, consisting 
mycelium and conidia, the upper surface the leaves and rubbing 
the pieces with flattened needle. each tree, five leaves different 
stages development were inoculated with each monoconidial culture. 
The upper surface the leaves was chosen order avoid the possibility 
inoculating other leaves, and precautions were taken prevent the 
inoculum from dripping lower leaves. After inoculation with cultures 
and the trees were kept moist chamber for hours, but with 
cultures and Polytheme sleeves were placed over the individual leaves 
for hours. Equally successful results were obtained from the two incu- 
bation procedures. Observations the development scab were made 
weeks after inoculation and the most severe class infection was taken 
criterion the susceptibility the tree. The results are recorded 
Table 


will noted that monoconidial cultures and which have been 
obtained from tissue isolate from one scab spot differed 
their pathogenicity the varieties and seedlings used, and even 
that variety, culture produced Class reaction and 
culture Class III, but the seedling 0-231 these cultures caused opposite 
reactions. Culture produced non-sporulating lesions Dolgo, 0-205, 
and Tremlett’s Bitter, while did not produce any lesion these trees. 
the other hand, culture produced lesion the Yarlington Mill 
variety, but culture produced non-sporulating lesions it. 


DISCUSSION AND CONCLUSIONS 


Three tissue isolates inaequalis from sporulating lesions fruits 
and leaves received from different parts Canada, and, cultivated and 
transferred identical conditions, showed marked differences rate 
growth and conidial production. the experiment reported Table 
the Fredericton and St. Catharines isolates sporulated, but the Summerland 
isolate did not produce any conidia any the artificial media tested. 


Inoculation tests number apple seedlings and varieties showed 
that one monoconidial culture from Geneva, two from and two 
from Cortland, differed their pathogenicity different hosts, and some 
cases even the host from which they were isolated, reported Table 
For instance, two cultures from No. was highly patho- 
genic and No. only slightly that host, and the opposite Seedling 
0-231. two cultures from Cortland, No. was highly pathogenic and 
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unlikely that the pathogenic differences could due loss 
pathogenicity since the monoconidial cultures concerned had been cultured 
only from one two years. Keitt (1) mentioned that isolates 
inaequalis could maintained vitro for least three years with high 
degree stability. 


Sectoring has occurred some cultures, but evidence mutation 
has been observed any the cultures used these experiments. Never- 
theless, the possibility mutation occurring tissue isolates and 
monoconidial cultures must not disregarded. 
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CONTROL CUTWORMS ASPARAGUS FIELDS 
THE INTERIOR BRITISH COLUMBIA! 


for publication July 25, 1956] 


ABSTRACT 


Emulsions dieldrin, aldrin, isodrin, toxaphene and chlordane applied 
the soil surface and incorporated depth about inches proved highly 
effective controlling the red-back cutworm, Euxoa ochrogaster (Guen.) when 
tested asparagus fields the interior British Columbia the summer 
1953 and 1954. 1953 aldrin emulsion mixed with the soil was much 
more effective than when was left the soil surface. Bran bait containing 
paris green, although giving fairly satisfactory control, was less effective and 
slower action than the emulsions. 1952, dieldrin, aldrin, and isodrin 
dusts, applied the soil surface, were superior and faster action than 
bran baits containing aldrin endrin; all the 1952 treatments were appar- 
ently slower action dry soil than relatively moist soil. survey 
asparagus fields treated growers 1953 but not 1954 indicated that 
aldrin emulsion, mixed with the soil about toxicant per acre, pro- 
tects asparagus for least two years. 


INTRODUCTION 


Cutworms create almost annual problem for vegetable growers 
the interior British Columbia. They are particularly serious asparagus 
fields, where even small amount feeding relatively small popu- 
lation can cause important financial losses. The feeding rarely kills the 
asparagus, but young, rapidly growing spears the severing the vascular 
bundles causes severe bending (commonly referred ‘‘goose-necking’’), 
frequently rendering them unmarketable (Figure 1). 

Poisoned bran bait, which until 1951 was the material most frequently 
used for control, was not entirely dependable, nor were surface applications 
chlorinated hydrocarbons (5, effective under all conditions. Some 
the variation was doubt due the known fact that surface 
treatments are most effective moist soil during warm evenings (1, 8). 
This combination conditions not frequently encountered the affected 
districts during the cutworm season. Frequent failures both DDT and 
poisoned bait the interior British Columbia during the severe out- 
breaks 1951 and 1952 emphasized the necessity testing newer materials 
and different methods applying them. Successful experiments British 
Columbia (4), Washington (11), and Oregon (3, 10) control other soil- 
infesting pests incorporating insecticides into the soil suggested 
similar approach the local cutworm problem. 


METHODS AND MATERIALS 


The red-backed cutworm, Euxoa ochrogaster (Guen.), was the most 
abundant species all the tests. The black army cutworm, Actebia 
fennica (Tausch.), was present moderate numbers 1952, but was less 
numerous 1953 and 1954. few other species were present very 
small numbers most the experimental sites. 


c » crea No. 3455, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
anada. 

2 Assistant Entomologist and Senior Entomologist, Field Crop Insect Section, Entomology Laboratory, 
Kamloops, B.C. 
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All experiments were conducted asparagus fields. Five these 
were near Kamloops and one (site 1953) near Vernon. the two 
fields used 1952, the soil site was dry depth 1.5 2.0 inches 
the time treatment, May and that site depth only 0.5 
1.0 inch. 


The size and arrangement plots were limited the size and shape 
the available fields, and consequently varied somewhat from one experi- 
1952 and 1953 the plots were randomized 
over the entire experimental area; otherwise they were randomized 
blocks. Each treatment was replicated four times. 

Throughout each test the plots received normal management, including 
daily cutting, inter-row cultivation, weeding, and irrigation. 

The various treatments may grouped follows:— 


Baits composed bran, molasses, water, and insecticide, broadcast 
hand the soil surface. Applications baits sites and were 
delayed cool, wet weather. 

Emulsions disked (F, 1954, was harrowed) into the top inches 
soil. 


Dusts emulsions applied the surface the soil. Dusts were 
applied from cans with holes punched the lids, emulsions with high- 
pressure, low-volume orchard sprayer. 

Check plots. 


The formulae were follows:— 
Paris green bait: oz. paris green, 12.5 lb. bran, pt. molasses, and 1.5 gal. water 
per acre. 


Aldrin bait: oz. aldrin per cent emulsion, 12.5 bran, pt. molasses, 1.5 
gal. water per acre. 


Endrin bait: oz. endrin 18.5 per cent emulsion, other ingredients for aldrin bait. 
Aldrin dust: 2.5 per cent dust prepared from per cent wettable powder mixed 
with wheat flour (commercially prepared dust was not available locally the time). 


dust: 2.0 per cent, commercially prepared. 

Isodrin dust: 2.0 per cent, commercially prepared. 

Emulsifiable concentrates, commercially prepared, per cent aldrin, 18.5 per 
cent dieldrin, 18.5 per cent isodrin, 65.5 per cent chlordane, and per cent toxaphene. 

All the toxicants used 1952, and the aldrin, dieldrin, and isodrin 
used 1953, were obtained from the Julius Hyman Co., Denver, Colorado. 
The aldrin, dieldrin, and isodrin used 1954 were obtained from the Shell 
Oil Co. Canada, Toronto, Ont. The toxaphene was obtained from 
Ansell Laboratories, Vernon, B.C., 1953, and from Stauffer Chemical 
Co., Portland, Oregon, 1954. The chlordane was obtained from Com- 
mercial Chemicals, Vancouver, B.C., 1953, and from the California 
Spray Chemicals Corp., Richmond, California, 1954. 

The rates application are given Table 

Damage was assessed intervals three five days over period 
two three weeks except indicated below. All spears marketable 
height the day assessment were cut and examined. Any spear that 
showed signs cutworm feeding was counted asdamaged. Weight spears 
was used calculate percentages 1952; number spears was used 
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TABLE 1.—AVERAGE PERCENTAGES ASPARAGUS SPEARS DAMAGED AFTER TREATMENTS 
FOR CUTWORM CONTROL INTERIOR BRITISH COLUMBIA, 1952-1954 


Treatment 


Dieldrin, 1.5% dust, soil surface 
Aldrin, 2.5% dust, soil surface 


Isodrin, 2.0% dust, soil surface 


Endrin bait 
Aldrin bait 
Check 


Percentage damage 
(according site and year)* 


Aldrin, 20% emulsion, mixed into soil 


Chlordane, 65.5% emulsion, mixed into 
soil 


Paris green bait 
Aldrin, 20% emulsion, soil surface 


Check 


Aldrin, 20% emulsion, mixed into soil 
Dieldrin, 18.5% emulsion, mixed into soil 
Isodrin, 18.5% emulsion, mixed into soil 


Toxaphene, 60% emulsion, mixed into 
soil 


Chlordane, 65.5% emulsion, mixed into 
soil 


Paris green bait 


Check 


Toxicant 
per acre 
1952 
2.5 
3.0 33.4 
0.2 Ib. 35.8 
1.0 oz. 47.3] 
2.0 oz. 50.4| 
63.4 
4.0 Ib. 2.7 
10.0 
0.3 Ib. 21.9 
4.0 22.0 
32.9 
1953 
4.0 Ib. 4.1 
1.5 Ib. 9.4 
0.5 Ib. 
10.0 Ib. 14.7 
10.0 15.0 
0.3 27.0 
45.9 


1952 


14.0 
16.4 


20.8 


21.0 
24.4 
35.6 
1953 


18.7 
34.0 


* Data within the same bracket do not differ significantly from each other; significance was determined 
to the 5% level, after arc sine transformation, by analysis of variance and multiple range test (Duncan (2)). 


1953 and 1954. Preliminary work 1951 had indicated that unearthing 
either cutworms cutworm-damaged spears was time-consuming, and 
Moreover, the method was inaccurate 
because the small samples that had used such slow method 


injurious the developing spears. 


inspection. 


: 
6.9 
23.0 
1954 
8.0 
4.7 
4.8 
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Because the cultivation immediately after some the treatments 
destroyed newly developing spears, damage was usually assessed several 
days after the application; this was accentuated during cool weather. 
The dates applications and assessments were follows:— 


Application poison Counts damage 
Site Dusts 
Baits First Last Number 


All data were transformed the arc sine scale and significance was 
determined analysis variance and the multiple range test (Duncan 
(2)); unless otherwise indicated, significance refers the per cent level 
only. 


RESULTS AND DISCUSSION 


all six sites the quantities damaged asparagus taken from the 
treated plots were significantly less than those taken from the check plots 
(Table 1). 

1953 the surface treatment aldrin was significantly less effective 
than incorporating into the soil: the per cent level site and 
the per cent level The excellent control obtained with soil-incor- 
porated applications site 1953 and 1954 and the relatively 
unsatisfactory control from surface applications sites and 1952 
may also noted this connection (Table 1). 

The five emulsions used soil treatments sites 1953 and 
1954 (aldrin lb. per acre, dieldrin 1.5, isodrin 0.5, chlordane 
10, and toxaphene 10) were significantly better than the paris green bait 
applied the soil surface the commonly recommended rate 
wet bait per acre. However, the delay applying the bait site 
due unsuitable weather conditions, detracts somewhat from the validity 
conclusions drawn from the tests that site. Poisoned baits were also 
inferior surface dusts sites and 1952, the difference being 
apparent early the sampling period. 

That soil moisture may influence the rate which cutworms succumb 
soil surface treatments indicated comparison the results ob- 
tained the 1952 sites. Four days after treatment, damaged asparagus 
the treated plots the drier site was 86.6 per cent that the check 
plots; the moister site was 44.7 per cent. Seven days after treat- 
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ment the percentages were 65.2 and 52.2 The differences 
between checks and treatments the two sites remained more less 
constant after that date. 


Since the five emulsions incorporated into the soil sites and 
gave satisfactory control, may assumed that the rates application 
were least adequate. Although the rates were selected the basis 
those found necessary for satisfactory control several other soil-infesting 
pests British Columbia, some may have been heavier than 
necessary. (6), for example, obtained excellent control the 
pale western cutworm Colorado with little oz. either aldrin 
dieldrin mixed with the soil. Mitchener (9) obtained series reports 
from sugar-beet growers Manitoba indicating satisfactory control the 
red-backed cutworm and others with surface applications 3.6 oz. 
dieldrin 34.0 oz. toxaphene per acre. These materials were applied 
after the infestations developed; the treatments recommended British 
Columbia are applied early the season before cutworm damage begins. 
Further rates application are planned for the interior 
British Columbia. 

Observations made asparagus fields near Kamloops 1954 indi- 
cated that aldrin lb. per acre, mixed into the soil depth 
inches, protects the crop from cutworm attacks for least two years. Nine 
fields reported have been treated 1953, but not 1954, sustained 
little cutworm damage either year. The crops three comparable 
fields that received insecticide treatment either year were moderately 
severely damaged 1954; they were not examined 1953. 
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RELATION DATE SEEDING WINTER WHEAT 
SOUTHERN ALBERTA LOSSES FROM WHEAT 
STREAK MOSAIC, ROOT ROT, AND RUST! 


for publication August 29, 1956] 


ABSTRACT 


Diseased immature wheat the most highly infectious reservoir the 
streak mosaic virus, Marmor virgatum McK. and its mite vector, Aceria 
tulipae Keifer, southern Alberta. Dates seeding experiments showed 
that losses from wheat streak mosaic were greatest winter wheat seeded 
before nearby winter spring wheat crops that harboured the disease were 
mature. Wheat that emerged after the diseased crops had matured was 
seldom infected. Infection was able spread from diseased volunteer 
wheat long was living, until the weather became cold late 
October November. Wheat sown August was more severely damaged 
than that sown later. Immature wheat harbouring mosaic infection was 
completely destroyed one operation with mouldboard plough, but not 
one cultivation with the one-way disk subsurface type cultivator. 
Root rot was most severe, and stem rust least severe wheat sown August. 
the absence disease, yields decreased seedings made after mid- 
September. Early September appears the best time seed winter 
wheat southern Alberta. 


INTRODUCTION 


The earliest experiments reported dates seeding winter wheat 
southern Alberta were conducted Lethbridge between 1907 and 1911 
(1). They indicated that higher yields were obtained when the seeding 
was done near September than when done earlier later. 

the year 1913 serious losses resulted from unidentified disease 
which was quite generally prevalent the winter wheat fields southern 
Alberta. The cause was later attributed eel worm damage, and still 
later root rot (3). order avoid damage from this disease was 
recommended for many years that seeding should delayed until after 
the 1st September. Part the damage attributed root rot may 
have been caused the wheat streak mosaic virus (Marmor virgatum 
McK.) which was recognized Alberta for the first time 1952 (8). 

Observers Kansas, South Dakota and Alberta reported that wheat 
streak mosaic usually caused more damage early- than late-seeded 
winter wheat (2, 7,9). Both the wheat streak mosaic virus and its mite 
vector (Aceria iulipae Keifer) require living susceptible hosts survive 
the field (4, appears the most important host har- 
bouring the disease southern Alberta. The streak mosaic virus and 
its vector overwinter winter wheat. The mites, blown the wind, 
may spread the virus during the entire growing season, long there 
immature wheat available harbour and nourish them. The direction 
the wind, which southern Alberta predominantly westerly, deter- 
mines the direction disease spread. Warm temperatures favour rapid 
development and dispersal both mites and disease (5, 9). 


1 Joint Contribution from Botany and Plant Pathology Division, Science Service, (Contribution No. 
1562), and the Cereal Crops (Contribution No. 209) and Field Husbandry Divisions, Experimental Farms 
Service, Canada Department Agriculture, Ottawa, Ontario. 

? Plant Pathologist, Botany and Plant Pathology Division, Science Service, Lethbridge, Alberta. 

3 Cerealist, Cereal Crops Division, Experimental Farm, Lethbridge, Alberta. 

4 Agronomist, Field Husbandry Division, Experimental Farm, Lethbridge, Alberta. 
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Broadfoot* concluded that root rot was usually more severe early- 
than late-sown winter wheat. The development cereal rusts also 
influenced the maturity the crop. 


This paper presents data the effects date seeding winter 
wheat the severity wheat streak mosaic, root rot and rust under 
field conditions southern Alberta. 


EFFECT DATE SEEDING WINTER WHEAT WHEAT STREAK 
MOSAIC INFECTION 


The effect date seeding streak mosaic infection may depend 
partly the source infection. Common sources infection southern 
Alberta are diseased plants winter spring wheat crops diseased 
volunteer wheat. Consequently the effect date seeding was studied 
when the winter wheat was planted adjacent (a) diseased winter wheat; 
(b) diseased immature wheat; (c) diseased immature wheat destroyed 
early fall; (d) diseased spring wheat. The variety Kharkov 
was planted, except where indicated. 


Seeding Adjacent Diseased Winter Wheat 


Experimental plots were seeded 1953 gain information the 
effect date seeding mosaic infection and yield winter wheat 
planted summer fallow adjacent severely diseased crop winter 
wheat which matured about August 12. Plots four rod-rows, ran- 
domized block design, with four replicates were seeded bushels per 
acre with rod-row seeder weekly intervals from July October 13. 
the season was very dry, the plots were watered two three times 
after seeding aid germination. 


addition the season being very dry, was also exceptionally 
warm during September and October. Therefore, conditions were favour- 
able for the spread mites and virus from the earlier-sown the later- 
sown plots and the development symptoms longer than the average 
fall. Most the wheat seeded July and early August showed symptoms 
streak mosaic during the fall. 


May 20, 1954, when the plants were stooling, the percentage 
plants infected with mosaic, leaf area showing severe yellowing, and 
dead plants was recorded (Figure A). Nearly all plants plots seeded 
before August showed symptoms streak mosaic. These symp- 
toms decreased progressively the later-sown plots until only about 
per cent the plants were infected the plots sown October. Leaf 
yellowing also was very evident the plots sown before August 18. 
decreased progressively from per the July 28th planting 
per cent the August 18th planting and less than per cent the 
September and later plantings. The yellow colour the four earliest 
plots, which was attributed primarily the severe fall infection with 
streak mosaic, contrasted strikingly with the green colour the plots 
seeded later. About per cent the plants the plots sown July 28, 
August and August were dead. 


; Broadfoot, W. C. A survey of winter wheat in Southern Alberta, October 16-22, 1945. Unpublished 
report. 
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MOSAIC-INFECTED PLANTS (MAY 20) 
YELLOW LEAVES (MAY 20) 

DEAD PLANTS (JUNE 24). 


PERCENTAGE 


JULY AUG. AUG. SEPT. SEPT. SEPT. SEPT. SEPT. OCT. OCT. 


PLANT HEIGHT 


INCHES 


JULY AUG. AUG. AUG. AUG. SEPT. SEPT. SEPT. SEPT. SEPT. OCT. OCT. 


YIELD GRAIN 


BUSHELS PER AGRE 


a JULY AUG. AUG. AUG. AUG. SEPT. SEPT. SEPT. SEPT. SEPT. OCT. ocT. 
28 4 u is 25 i 8 1s 22 29 6 13 


DATES SEEDING 


Effect date seeding disease development, plant height and 
yield winter wheat planted adjacent winter wheat crop diseased with streak 
mosaic. Welling, Alberta, 1953-54. 


About month later, June 24, when the earlier-seeded plots started 
head, the plots were re-examined. this time 100 per cent 
the plants all plots had developed streak mosaic symptoms. The 
spread mosaic from the earlier-sown and heavily infected plots the 
later-sown plots was inevitable because their proximity. Many more 
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Relative streak mosaic damage winter wheat seeded July (right) 
and August (left) adjacent winter wheat crop diseased with streak mosaic. 
Welling, Alberta, 1953-54. 


plants had died since May 20. The percentage dead plants was now 
per cent the July planting and decreased progressively about 
per cent for the August 18th seeding, and trace none thereafter 
(Figure A). 

The damaging effects severe infecticn the earlier-sown plots are 
indicated reduced plant height (Figure and and yield (Figure 
1,C). the plots seeded July the plants were less than inches high 
and yielded less than bushel per the plots sown September 
the plants were more than inches high and yielded about bushels 
per acre. The heights and yields plots sown after this date dropped 
intermediate point. 


Seeding Adjacent Diseased Immature Wheat 


Volunteer wheat that has become infected with streak mosaic virus 
and has been allowed survive the edges fields often source 
infection wheat planted nearby. 

1953 winter wheat was planted May the pathways and borders 
certain grain plots the Experimental Farm Lethbridge. Since 
the wheat was not vernalized remained green throughout the summer 
and fall. During the summer became heavily infested with tulipae 
and infected with streak mosaic virus. Immediately east this wheat, 
dates-of-seeding plots were laid out summer-fallowed land. The 
experiment included twelve dates seeding, beginning August and 
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DEAD PLANTS (MAY 25) 


PERCENTAGE PLANTS 


AUG. AUG, SEPT. SEPT. SEPT. OCT. OCT, OCT. 
PLANT HEIGHT 
MOSAIC-INFECTED 


AUG. AUG. AUG, SEPT. SEPT. SEPT. SEPT. OCT. OCT. OCT. 


YIELD GRAIN 

| 


BUSHELS PER ACRE 


AUG, AUG, SEPT, SEPT, SEPT, OCT, OCT, OCT. 


DATES SEEDING 


Effect date seeding disease development, plant height and 
yield winter wheat planted adjacent immature wheat harbouring wheat streak 
mosaic. Lethbridge, Alberta, 1953-54. 
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ending October 16. plot consisted four rod-rows and there 
were six replicates. streak-mosaic-free check, similar set plots 
was planted the same dates land comparable type and cultural 
history but not near source mosaic infection. 

previously mentioned, the weather 1953 was unusually mild 
during September and October, and all seedings emerged before freeze-up. 
The warm weather was favourable plant growth and the spread 
streak mosaic. The spread the mites and virus during the fall was 
determined placing pots containing young greenhouse-grown wheat 
plants the field near the diseased source plants for one week weekly 
intervals. Each lot was then returned the greenhouse, fumigated, and 
held for three weeks allow streak mosaic symptoms develop. 
was found that the virus spread high rate from the diseased source 
plants during August, September and early October. Although the rate 
spread decreased during late October, the mites and virus continued 
spread until after the middle November. 

When the test near the diseased immature wheat was examined 
May 25, 1954, all plants plots seeded before September showed 
symptoms mosaic (Figure A). The plants from the August seedings 
were chlorotic that they stood out sharp contrast the green the 
plants from later seeding. However, considerable mosaic also was present 
the plots sown later. Even the latest planting (October 16), per 
cent the plants showed mosaic symptoms. Thirty-five per cent the 
plants were dead the August 14th planting and the proportion killed 
plants declined progressively zero the plots sown after September 
25. late Juneall all plots sown near the disease source showed 
symptoms streak mosaic, and more plants the plots seeded 
before September were dead. 

contrast the above plots, mosaic symptoms were observed 
during the fall spring and dead plants were observed before maturity 
any the plots seeded the field that was not near source streak 
mosaic infection. 

The degree streak mosaic damage shown relative plant heights 
(Figure and relative yields (Figure plots seeded different 
dates. The average height plants maturity diseased plots in- 
creased from inches the August 14th planting inches the 
September 25th planting. The average height plants the disease-free 
plots was inches and varied little relation dates seeding. The 
yields diseased plots were low bushel per acre the August 14th 
seeding and increased progressively the later seedings, with the highest 
yield being bushels for the October 16th planting. contrast, the 
yields the mosaic-free plots increased from about bushels per acre 
the plots seeded August 14, bushels for plots seeded September 
and then decreased bushels plots seeded October 16. 

Although environment may have caused some the differences 
yield between the diseased and mosaic-free plots, the greater part the 
differences comparable dates seeding (Figure attributed 
streak mosaic. The gradual decrease mosaic infection with the later 
dates seeding result gradually diminished rate disease spread 
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Effect date seeding streak mosaic infection, root rot develop- 
ment and yield winter wheat planted near diseased immature wheat that was des- 
troyed cultivation late August. Lethbridge, Alberta, 1954-55. 
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from the source and shorter time for infection occur before winter 
arrested plant growth and disease development. 


Seeding Adjacent Diseased Immature Wheat Destroyed Early the Fall 

1954, winter wheat was seeded Lethbridge weekly intervals 
from August October 18, adjacent mosaic-diseased immature 
wheat which was partially eliminated cultivation August 19, and 
completely destroyed two weeks later. The plots were 10.5 feet wide 
130 feet long and were seeded with semi-deep furrow drill. They were 
arranged randomized blocks and replicated six times. 

The high streak mosaic infection evident the plots sown August 
and (Figure can attributed the abundance diseased plants 
around the plot area. The reduced incidence mosaic the August 
16th and August 30th plantings, and the almost complete absence 
mosaic all later plantings are attributed the reduction and eventual 
elimination diseased plants the borders surrounding the plots. 


Seeding Adjacent Diseased Spring Wheat 

1955, experiment dates seeding, winter wheat was 
planted summerfallowed land near diseased spring wheat crop that 
matured during the last week September. The winter wheat was seeded 
with semi-deep furrow drill. Plots were 10.5 130 feet with six repli- 
cates arranged side side that the west ends all plots one variety 
were equidistant from the diseased spring wheat crop. One variety, 
Jones Fife, was planted range the west side which was feet east 
the spring wheat; another variety, Kharkov MC, was planted 
another range the west side which was 210 feet east the diseased 
spring wheat. The seedings were made weekly intervals from August 
October 18. 

The percentage plants showing mosaic symptoms was recorded 
November 1955 (Figure infection the west end the 
Jones Fife plots varied from 100 per cent the August 2nd planting 
per cent the August 30th planting. Only about per cent the plants had 
mosaic symptoms the September planting and none occurred later 
plantings. The Kharkov plots, 210 feet east the diseased spring wheat, 
had per cent infection the August 2nd planting, and only per cent 
the August 30th planting. The later plantings were not infected. 

These data fall infections indicate that high rate infection 
can take place winter wheat from infected spring wheat when the winter 
wheat sown before the spring wheat mature. After the spring wheat 
has fully matured there danger mosaic spreading from it. 


EFFECT DIFFERENT METHODS DESTROYING DISEASED PLANTS 
PRIOR SEEDING WINTER WHEAT 


Since volunteer wheat often infected with streak mosaic, should 
eliminated before seeding winter wheat. The rate destruction 
the vector the virus related the rate desiccation decomposition 
the host leaves (9). Therefore the method cultivation and the time 
between cultivation and seeding should influence the incidence the 
disease the crops. 
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Field experiments were established 1954 test the effects 
shallow and deep tillage the elimination streak mosaic infections 
harboured immature plants the field. summerfallow field, 190 
1,235 feet long from north south, was used for the experiment. 
May, 1954, winter wheat was seeded the entire field except for strip 
feet wide each side. After the wheat emerged, diseased plants were 
transplanted random throughout the field, and plants from naturally 
diseased crop, heavily infested with mites, were scattered over the field. 
The mites from these sources infested the growing wheat and infected 
with streak mosaic. mid-September the heavy growth immature 
winter wheat was heavily infested with mites and diseased with mosaic. 


The field was divided crossways into four sections, and September 
each section was cultivated the following manner: Section the 
southernmost one, was ploughed with mouldboard plough and harrowed; 
Section was tilled with the one-way disk, then disk-harrowed; Section 
was cultivated with sub-surface cultivator which cut just beneath the 
soii surface; and Section was one-way disked and seeded the same 
operation. Sections and were further divided into plots four 
20-foot rows, one plot each section being sown the eight successive 
dates. The plots were feet apart within randomized blocks, and each 
block was feet from the next. each section there were four replicates 
planted within the area which the immature wheat had grown and one 
each the clean cultivated strips, one the east and the other the 
west side the field. was planned that daily planting over period 
days would start the day after the sections the field had been 
cultivated described. However, rained three days after the fields 
had been cultivated, and seeding was done only the 1st, 2nd, 10th, 11th 
and 12th days after the ploughing and one-way disking. 

One day after each cultivation, plant survivals were recorded each 
section. Only few green shoots were found the ploughed section and 
these were removed. There was approximately one living plant per 
square yard Sections and which had been one-way disked. Nearly 
all plants survived Section which had been worked with the sub- 
surface cultivator. Rain enabled these plants re-root and continue 
grow. Section was re-worked October 13, with the one-way disk 
and disk-harrow. was, therefore, comparable Section except that 
the one-way disking was done one month later. Plots were then seeded 
this section the same manner Sections and but starting one 
day after cultivation and alternate days thereafter. 

Despite the abundance moisture Septemtber, emergence was less 
than per cent Section which had been one-way disked and seeded 
one operation. All the young plants showed symptoms mosaic. 
Many plants were dead late May, 1955, and the surviving plants were 
severely stunted. With lack competition from the wheat, the weeds 
grew vigorously that this section had abandoned. 

The wheat Sections and which was seeded between September 
and 25, emerged and stooled before winter set in. The wheat Section 
seeded October 27, emerged and grew the three- four-leaf stage 
the fall. Symptoms mosaic were evident many plants Sections 
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TABLE 1.—STREAK MOSAIC INFECTION AND GRAIN YIELD OF WINTER WHEAT SOWN AFTER 
PLOUGHING OR ONE-WAY DISKING ON LAND WITH A HEAVY GROWTH OF SEVERELY DISEASED 
IMMATURE WHEAT, AND ON ADJACENT LAND THAT HAD BEEN KEPT FREE FROM 
PLANT GROWTH THROUGHOUT THE SUMMER. 


Section Section Section 
Ploughed and One-way disked One-way disked 
Description and harrowed and disked and disked 
location land Sept. 13, 1954 Sept. 13, 1954 Oct. 13, 1954 
bu./acre bu./acre bu./acre 


Clean cultivated strip west 
side field with immature 
mosaic-diseased wheat 1.6 2.0 0.3 19.2 


Field with heavy growth im- 
mature mosaic-diseased wheat 3.0 28.5 89.0 6.7 41.4 9.5 


Clean cultivated strip east 
side field with immature 
mosaic-diseased wheat 1.6 30.4 24.0 22.6 5.8 15.3 


1 All ratings of mosaic infection were made on June 8, 1955. 


and but only few Section Notes mosaic development were 
recorded Sections and June 1955, when the plants were 
the early jointing stage. plants were harvested when mature. Since 
differences mosaic infection and yield between dates seeding were 
not significant any the differently treated sections the field, the 
data for each cultural treatment and section the field (Tabie are 
averages for all seeding dates. 


There was little mosaic any the wheat grown Section 
which the diseased immature wheat had been ploughed under Sep- 
tember before seeding commenced. The yield this section, the 
land which the diseased wheat had been growing, was only slightly 
lower than that the clean-fallow strips either side. 

The percentage mosaic-infected plants was high (89 per cent), 
and yields were low (6.7 bushels per acre), the wheat sown Section 
where the diseased wheat had been one-way disked and disked Sep- 
tember (Table Section This unsatisfactory control the disease 
attributed the incomplete killing the diseased plants and the leaving 
diseased trash near the surface. The almost complete lack infection 
and the high yield (32.2 bushels) the plots the clean cultivated strip 
west the field, and the moderate infection (24 per cent) and lower yield 
(22.5 bushels), the plots the east side the field illustrate the effects 
the predominantly westerly winds the spread mites, and conse- 
quently the virus, eastward from diseased plants. 

the land which the diseased wheat had been growing, yields 
were slightly higher Section seeded late October, than Section 
seeded late September (Table 1). However, the clean fallow 
the west side, yields Section were higher (32.2 bushels) than Section 


= 
4 
‘ 
— 


124 CANADIAN JOURNAL PLANT SCIENCE [Vol. 


(19.2 bushels). shows that the earlier date was favourable 
yield the absence mosaic but detrimental yield where there was 
source infection. 


Under the conditions the experiments described above, appears 
that sources streak mosaic infection can quickly eliminated mould- 
board ploughing. The disease not easily eliminated with the sub- 
surface type cultivator nor the one-way disk because these implements 
may fail destroy many the plants. addition these implements 
leave the diseased trash near the surface the soil where the virus- 
carrying mites may survive long enough infect young wheat plants. 


EFFECT DATE SEEDING WINTER WHEAT THE 
DEVELOPMENT ROOT ROT AND RUST 

experiment was described above which Kharkov winter 
wheat was seeded plots weekly intervals from August October 18, 
1954. Data streak mosaic, leaf chlorosis, root rot and yields from 
this experiment are illustrated Figure Although wheat streak 
mosaic virus infection apparently caused considerable general chlorosis 
plants some the earliest sown plots, appeared that some was 
caused root rot. Plants were, therefore, collected from all plots just 
before maturity, and the severity root rot was rated scale ranging 
from for healthy plant for plant with its roots and crown destroyed. 
Root rot was more severe the wheat sown earliest, and was successively 
less severe the wheat sown the later dates. Thus, would seem 
that the chlorosis plants and yield depression were associated with the 
severity root rot infection, but both these effects are difficult 
evaluate because the presence mosaic, which undoubtedly had 
more significant effect than root rot this instance. 


more striking illustration the relation date seeding the 
development root rot was obtained another experiment also made 
1954. The plots for this experiment were located irrigated silt loam 
soil which alfalfa had grown for several years until 1951, and which 
oats were grown 1952, and peas 1953. Immediately before the 
experiment 1954 the land had remained fallow. The plots were seeded 
approximately weekly intervals from August November There 
was source mosaic nearby. 


chlorotic condition became evident during the jointing stage 
some the earlier sown plots. There was streak mosaic evident; 
hence the chlorosis could not attributed it. The wheat plots were 
examined Broadfoot*, who attributed the yellowing in- 
fection complex root-rotting pathogens. Considerable spot blotch 
caused Helminthosporium sativum Pamm., King and Bakke was also 
evident. July 19, comparative estimates were made the severity 


* Director, Science Service Laboratory, Canada Department of Agriculture, Lethbridge, Alberta. 
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Ficure Effect date seeding root rot, rust development and yield 
Kharkov winter wheat grown irrigated land. Lethbridge, Alberta, 1954-55. 


the chlorosis. was most severe the August 11th planting, 
and only slightly less severe the August 19th planting. The next 
September was only mildly chlorotic. None the plants 
plots seeded after September was noticeably chlorotic. 


Plants were collected from each plot when the wheat was early 
stage ripening, and later date were rated for severity root rot 
damage. The ratings (Figure show that root rot was more severe 
the plots sown before September than those sown later date. 
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Considerable stem rust developed the wheat this experiment and 
ratings for percentage leaf area covered with stem rust pustules were 
made August 16. These ratings (Figure show little per 
cent stem rust the August 11th planting, but general increase later 
plantings high per cent the November 3rd planting. 


Yields from plots sown August and November were approxi- 
mately per cent less than those from plots sown September 
(Figure B). appears that, addition possible direct influences 
weather the yields wheat sown different dates, reductions 
yield were probably also attributable root rot the wheat sown early 
and stem rust the wheat sown late. 


DISCUSSION AND CONCLUSIONS 


experiments conducted near sources streak mosaic, yields were 
much higher the later- than the earlier-sown plots. Since, with 
small plots, infection spreads from the earlier- the later-seeded ones, 
even greater differences the effects date seeding would occur under 
field conditions. There danger serious mosaic infection winter 
wheat regardless date seeding there are susceptible hosts har- 
bouring the virus and vector nearby. However, tests also showed that 
advantage yield was gained seeding earlier than September 
when streak mosaic was not present. Damage attributed root rot 
was much more severe plots seeded prior September the other 
hand, seeding later than September resulted poor yields even the 
absence source streak mosaic infection. Later dates seeding 
also result later dates maturity, with correspondingly greater chances 
loss from rust and weather hazards. Therefore, considering all factors, 
the best seeding date for winter wheat Southern Alberta appears 
early September, has been generally recommended for number 
years. 


the tillage experiment, the mouldboard plough buried trash from 
heavy growth diseased immature winter wheat below the seed bed and 
made the field immediately safe for seeding. The shallow tillage imple- 
ments, which left the trash near the surface, were ineffective elimi- 
nating the infection one operation. However, the source infection 
was solid bed non-vernalized winter wheat, which very difficult 
destroy, and which was much heavier growth than would normally 
found under farm conditions. These results should not interpreted 
condemnation shallow tillage implements, but rather precaution 
regarding their use. Other experiments (9) show that both the wheat 
streak mosaic virus and its vector require living hosts survive the 
field. Therefore, when complete kill diseased volunteer wheat 
obtained with these implements, they should effective eliminating 
streak mosaic infection. Indeed, many farmers Southern Alberta, 
who have become acquainted with the nature the streak mosaic problem, 
have done excellent job destroying potential sources the disease 
with the shallow tillage implements that are common use Alberta. 
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THE LIGNIN CONTENT SIX CLONAL LINES 
INTERMEDIATE WHEATGRASS! 


for publication March 24, 1955] 


ABSTRACT 


Six clonal lines intermediate wheatgrass, gropyron intermedium (Host.) 
Beauv., which differed markedly gross morphological characteristics were 
cut the half-bloom stage and separated into leaf and stem. Lignin 
analyses were made both leaf and stem 1951 and again 1952. 

Analysis variance established significant differences 0.05) per 
cent lignin content between clonal lines. Highly significant differences 
0.01) were found per cent leaf between lines and per cent lignin 
between years. The plants contained the most lignin the driest year. 

The clonal line with the finest stems had the lowest lignin content; how- 
ever, the percentage leaf had greater effect lignin content than any other 
factor studied. 


INTRODUCTION 


Many independent investigations have established that there usually 
high negative correlation between lignin content and the nutritional value 
forages. Since high lignin content frequently associated with coarse 
and stemmy plant material, interest determine certain 
morphological characteristics such leafiness are closely associated with 
lignin content. Such information would valuable plant breeding 
program for developing improved strains forage crops. The results 
preliminary study investigate these relationships are reported 
this paper. 


LITERATURE REVIEW 


Forbes and Garrigus (2) reported high negative correlations between 
per cent organic matter digestibility and lignin content several common 
—0.95 and —0.93 for steers and sheep respectively. Similarly, 
Lancaster (4) found high correlation —0.98 between the same two 
factors for series New Zealand feeds which included forages. 

Patton and Gieseker (5) reported differences lignin content between 
standard crested wheatgrass, Agropyron desertorum (Fisch.) Schult., and 
fairway crested wheatgrass, cristatum (L.) Gaertn., and between 
smooth brome grass, Bromus inermus Leyss., and mountain brome grass, 
Bromus marginatus (Nees.). 

Pigden (6) showed that the lignin content the leaf crested wheat- 
grass and smooth brome grass was much lower than that the stems 
these grasses four stages maturity. Hence, association between 
lignin content and leafiness would expected. 

The variations the morphological characteristics intermediate 
wheatgrass, intermedium (Host.) Beauv., were studied detail 
Heinrichs (3). Wide differences fineness stem and leafiness between 
plants indicated possible differences lignin content. 


1Contribution from Experimental Farms Service, Canada Department of Agriculture, Ottawa, Canada. 

*Agricultural Research Officer, formerly with Pasture Division, Experimental Farm, Swift Current, 
Saskatchewan, now in charge of Pasture Investigations, Animal Husbandry Division, Central Experimental 
Farm, Ottawa. 

%Officer-in-Charge, Forage Crops Division, Experimental Farm, Swift Current, Saskatchewan. 
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MATERIALS AND METHODS 


Four replicates (clones) each six selections intermediate 
wheatgrass were chosen for the study from polycross nursery. Whole 
clones were cut approximately one inch from the ground the flower stage 
when slightly more than one-half the heads showed anthers. Leafiness was 
determined cutting the leaves from the stems, leaving the leaf sheath 
the stems. After air-drying, leaves and stems were weighed separately. 
Samples were ground small hammer mill pass 0.5 mm. screen. 
Separate analyses for lignin were made the leaf and stem material 
the method Ellis al. (1). The same clones were studied during two 
successive seasons, 1951 and 1952. 


RESULTS 


The observations made 1950 the morphological characters the 
six selections, which are presented Table show that wide variations 
existed between the clonal lines for each character. 

The per cent lignin content the six lines, for leaf, stem and whole 
plant, along with their leafiness, presented Table 

Significant differences =0.05) lignin content were noted between 
clones for both leaf and stem (Table had the highest per cent 
lignin the stem but the lowest the leaf, while Clone was about 
average for lignin content the leaf but significantly lower than all other 
lines the stem. highly significant difference lignin content between 
years was also found. 


Highly significant differences 0.01) per cent leaf were found 
exist between lines. There also was significant interaction between 
clones and years for leafiness. 


TABLE 1.—OBSERVATIONS MORPHOLOGICAL CHARACTERISTICS SIX INTERMEDIATE 
WHEATGRASS CLONAL LINES (AVERAGE SIXTEEN REPLICATES 1950) 


Clonal Height Width Plant Fineness 


9.8 1.3 2.8 Bluish 

6.5 3.3 2.3 Green 

11.0 4.0 4.0 Green 

9.3 2.3 Bluish 

7.8 1.3 Bluish-green 


1Plant density—visual rating which both leaf and stem are considered, densest, least dense. 
2Fineness of stem—visual rating of stem thickness, 1 = finest, 5 = coarsest 
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TABLE 2.—LIGNIN CONTENT AND LEAFINESS INTERMEDIATE WHEATGRASS CLONAL 
LINES THE HALF-FLOWER STAGE, MEAN 1951 AND 1952 


Leaf Stem Whole plant leaf 
8.7 11.6 11.0 21.3 
8.3 11.0 10.5 
8.2 11.4 10.8 19.0 
7.9 11.1 23.2 
8.3 10.1 9.6 28.2 
0.05) 0.5 0.6 0.5 2.1 
1951 1952 1951 1952 1951 1952 1951 1952 
Mean, ali lines 8.6 8.1 11.9 10.7 11.3 10.1 


TABLE 3.—VARIANCE ANALYSIS 


Mean square 


Source variation Per cent Per cent Per cent Per cent 


Replicates 0.35 0.06 0.05 5.65 
Lines Reps. (Error 0.25 0.33 0.25 8.32 
Years 18.87** 466.26** 
Years Lines 0.55 0.15 0.19 70.31** 
Remainder (Error 0.56 0.41 0.39 7.50 


*Significant at 5 per cent level. 
**Significant at 1 per cent level. 


DISCUSSION 


The significant difference lignin content between seasons suggests 
that environmental factors affect its formation plant tissues. The plants 
contained more lignin 1951 than 1952 and the latter season was more 
favourable from the moisture standpoint than the former. this connec- 
tion, Patton and Gieseker (5) showed that grasses from drier regions 
Montana reached their maximum lignin content earlier the season. 


These data suggest that the finest stems may contain the lowest 
percentage lignin. The content the stems Line 18, which was 
rated the finest stemmed line, was significantly lower than the other five 
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lines both seasons. However, the differences lignin content between 
lines appears more closely associated with percentage leaf than any 
other factor considered this study. 


The significant interaction between per cent leaf and years believed 
associated with slight differences between lines their tendency 
stool and form sterile stems. 
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ASTER YELLOWS CELERY 


’ {Received for publication October 18, 1956] 


ABSTRACT 


disease celery reported vegetable growers the Niagara Peninsula, 
Ontario, 1953 caused the aster yellows virus. Transmissions under 
controlled conditions various host plants the leafhoppers Macrosteles 
fascifrons (Stal) and Fieberiella (Stal) indicate that the strain the 
disease similar that present California. fascifrons occurs 
wide range hosts throughout Ontario and usually great numbers 
celery. This insect probably the most important vector the disease 
this province. 


INTRODUCTION 


Aster yellows has been prevalent North America for many years. 
1902, Smith (13) described the symptoms China aster, Callistephus 
chinensis Nees., and stated that the disease was widespread and destructive. 
1924, Kunkel (3) New York State showed that Macrosteles fascifrons 
(Stal) Cicadula sexnotata American authors (nec Fall.) and Cicadula 
divisa American authors (nec Uhl.) (1)) readily transmitted yellows from 
diseased healthy aster plants. Later transmitted the disease with 
this leafhopper more than 170 species plants, but not celery, pium 
graveolens L., Zinnia elegans Jacq. (5). 1929, Severin (7) Cali- 
fornia described virus disease celery, lettuce, elegans and other 
plants that appeared identical aster yellows and was transmitted 
fascifrons. Later, Kunkel (6) conducted comparative transmission 
studies with the disease from New York and California and found that 
celery was apparently not susceptible the former, but was susceptible 
the latter. 1934, Severin (8) compared the California virus with 
that from several other areas the United States and found celery 
highly resistant the virus obtained from all areas except California. 
one Severin’s experiments, however, 122 celery plants inoculated 
with the virus from New York developed symptoms the disease. 

The facts that Severin and Freitag (12) found elegans natural 
host California and that Kunkel (5) was unable transmit the yellows 
which occurred New York this species provided additional evidence 
the existence two strains the virus. 


Kunkel (5) has reported only the leafhopper fascifrons trans- 
mitting the disease New York. Severin, however, has shown that 
least species leafhoppers and two races two these species transmit 
the virus California (9-11). One these species, Fieberiella 
(Stal), common privet Ontario. 


_ IContribution No, 3477, Entomology Division, and No. 1567, Botany and Plant Pathology Division, 
Science Service, Department of Agriculture, Ottawa, Canada. 
*Assistant Entomologist, Entomology Laboratory, Vineland Station, Ontario, and Associate Plant 
Pathologist, Plant Pathology Laboratory, St. Catharines, Ontario. 
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The first occurrence aster yellows celery Eastern Canada 
was reported 1949, the Canadian Plant Disease Survey (2) from 
Sunbury County, N.B., MacLeod. 1953 symptoms the yellows 
celery were first observed plants submitted growers the Niagara 
Peninsula. Specimens and reports the disease were later received from 
several other celery-growing the province. Although the symptoms 
resembled those described Severin (7) California, transmission tests 
with insects were necessary prove that the disease was caused the 
aster yellows virus. 


Symptoms Aster Yellows 


Smith (13) and Kunkel (4) have described the most important symptom 
aster yellows aster along the veins the new leaves 
they develop. This clearing the veins, according Kunkel (4), 
has not been observed symptom any other aster disease. the 
disease progresses, chlorosis increases (Figure 4), large numbers secondary 
shoots are produced, and the plant takes stunted, upright appearance. 
The blossoms are small, bunched, and greenish yellow and few any 
seeds are produced. 


The first symptoms appear celery are described Severin (7) 
upright growth, and elongation and moderate chlorosis the new 
petioles. the disease progresses, the petioles the innermost young- 
est leaves become shortened and more chlorotic and twist and intertwine. 
The latter symptom characteristic the disease celery (Figure 3). 
Later the whole plant develops yellow cast, the petioles become brittle 
and often crack, and finally the heart the plant succumbs soft 
brown rot. 


The first symptom that appears elegans clearing the 
veins the young leaves similar that the disease progresses 
these leaves become chlorotic and abnormally bunched twisted 
(Figure The and produce abnormal, greenish-yellow 
flowers. 


MATERIALS 


Preliminary transmission tests were conducted with leafhoppers 
collected from carrots the field. Later, however, since oats are immune 
aster yellows and the virus seldom, ever, transmitted through the 
insect egg (3), vigorous non-viruliferous colony fascifrons was 
established this host and used for transmission experiments. 


standard lantern globe cage was unsatisfactory transmission 
experiments because low height, poor aeration, and loss soil from 
under the globes watering. Hence base was built that raised the 
globe inches, provided screened area below the globe and had tin 
cylinder underneath force into the soil around the plant make seal 
not disturbed watering (Figure 1). aspirator and equipment 
similar that devised Kunkel (4) were used transfer insects from 
cage cage. 


L 
> 
1, 


134 CANADIAN JOURNAL PLANT SCIENCE [Vol. 


EXPERIMENTS 


preliminary tests large numbers fascifrons were collected 
from field carrots and placed naturally infected celery for days. 
Then they were transferred young, healthy celery plants. Three 
these plants developed symptoms typical the disease. When placed 
aster, many the leafhoppers from the field were found viruliferous; 
therefore, only those reared oats were used further tests. 


Five fascifrons were caged each the three young celery plants 
infected the preliminary tests. After 2-3 days the insects from each 
plant were transferred caged aster plant. The three asters became 
diseased. experiment with three healthy celery plants, none 
the asters became diseased. This experiment was repeated five times 
with the same results. 


Leafhoppers, which had fed diseased asters for days, were 
transferred celery plants. Five leafhoppers were placed each 
plant. Fifteen the plants developed symptoms days 
after the insects were placed them. The virus was then transmitted 
from celery aster and back celery six successive experiments. Ten 
plants and five leafhoppers per plant were used each time. When the trans- 
fers were made from celery aster, from eight ten aster plants devel- 
oped symptoms typical the disease each occasion. When the 
transfers were made from asters celery, from three seven celery plants 
became diseased each time. 

The same vector species transmitted the virus from celery carrot 
and from celery through aster elegans. Three ten zinnia plants 


developed symptoms days after ten viruliferous leafhoppers 
per plant were placed them. Further tests showed that yellows was 
readily transmitted fascifrons celery from naturally infected 
wild carrot, Daucus carota L., and wild aster, Aster novae-angliae L., col- 
lected several miles from celery-growing localities. 


When groups three per plant were tested vectors, five 
out ten trials resulted transmission the disease from diseased 
healthy celery. However, since fascifrons generally occurs large 
numbers throughout most the season celery, whereas does 
not, fascifrons considered responsible for most, not all, 
the spread celery yellows Ontario. 

Ontario, although the aster yellows virus has been known occur 
wide range hosts, this the first time that has been shown 
These characteristics indicate that the strain the virus investi- 
gated Ontario similar that found California. 
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Improved lantern-globe cage. The base consists two pieces ply- 
wood, each with circular opening. The lower piece receives half can below, 
and there cylinder 32-mesh plastic screen between the two pieces. Blocks wood 
separate the pieces plywood and support the structure about inch above pot. 

Healthy and diseased plants Zinnia elegans the same age. The 
plant the right shows the dwarfing, chlorosis, and distortion caused the aster 
yellows virus. 

Celery showing the characteristic twisting and intertwining the 
petioles caused the aster yellows virus. 

Ficure Asters, healthy and infected with yellows from celery: right, healthy; 
centre, early symptoms; more advanced symptoms. 
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PHYSICAL AND CHEMICAL ASPECTS RELATED 
MEALINESS THE 


for publication November 14, 1956] 


ABSTRACT 


investigation was undertaken determine chemical and physical 
properties potatoes which would explain the non-correlation specific 
gravity with mealiness which has been encountered some cases. was 
shown that mealiness not necessarily positively correlated with specific 
gravity tubers but was possible correlate mealiness determined 
organoleptic methods with such factors resistance shear boiled tubers 
and viscosity suspensions lyophilized tissue measured Brabender 
Amylograph. Dry matter, starch content and amylose content were 
positively, sugar content negatively, correlated with mealiness. Crude 
protein content and starch granule size did not appear associated with 
mealiness. correlation between polysaccharide content and 
mealiness was evident. The nature the non-starch polysaccharide appar- 
ently present the potato tuber and the molecular structure the two 
starch components, amylose and amylopectin, deserve more extensive 
investigation. 


INTRODUCTION AND LITERATURE REVIEW 


The common white potato still the most important vegetable crop 
grown the North American continent, spite recent downward 
trend the per capita consumption. the face increasing competition 
from other vegetable crops, high culinary quality potatoes becomes 
increasingly important. generally accepted that mealiness highly 
desirable feature. Numerous attempts have been made explain differ- 
ences the degree mealiness different potato varieties, and methods 
have been sought whereby potatoes could graded according their 
inherent mealiness. The object the study reported this paper was 
attempt relate variations mealiness physical and chemical charac- 
teristics. 

positive correlation between mealiness and specific gravity 
potatoes has been generally demonstrated various investigators. 
extensive review literature pertaining factors affecting cooking quality 
potatoes, Sweetman (10) indicated that some exceptions 
correlation had been encountered. explanation was offered for the 
non-correlating cases. Kirkpatrick (5) found significant correlation 
between specific gravity and mealiness four varieties early crop 
potatoes. Furthermore, Greenwood al. (4) have demonstrated that the 
association between specific gravity and mealiness varied depending the 
location which the potatoes were grown. Nylund and Poivan (8) have 
demonstrated that potatoes identical specific gravity varied mealiness 
depending the date planting and variety. thus evident that 
the specific gravity-mealiness association not constant. 


1 Contribution No. 932 of the Miscellaneous Journal Series of the University of Minnesota Agricultural 
Experiment Station. 

2 This report is adapted from a Doctor of Philosophy dissertation from the Department of Horticulture, 
University of Minnesota, St. Paul, Minn. 

3 Department of Agricultural Biochemistry, University of Minnesota, St. Paul, Minn. 
4 Associate Professor, Department of Horticulture, University of Minnesota, St. Paul, Minn. 
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MATERIALS AND METHODS 


The potatoes used the experiments were grown 1953 and 1954 
the research farm the Red River Valley Potato Research Laboratory, 
U.S. Department Agriculture, East Grand Forks, Minnesota. Due care 
was exercised that the material was grown under uniform fertility conditions 
and cultural practices. Variations that might present due soil 
conditions were counteracted replication. The tubers were harvested 
the same day, separated into specific gravity groups the salt brine 
flotation method and stored under controlled conditions temperature 
36°-40° All organoleptic, physical and chemical tests were made 
tuber lots distinctly different specific gravity which had been removed 
from storage the same time and received similar post-storage treatment. 


The size the individual tubers was comparable tuber size 
accepted commercial grades. the preparation samples for organo- 
leptic evaluation, minimum tubers each variety and specific 
gravity group were selected random, this being repeated each judging 
session. For chemical analyses boiled tissue, portions material 
prepared for organoleptic tests were saved that the final results were 
based tubers. Chemical analyses involving raw tubers were 
carried out composite sample consisting minimum tubers. 


Organoleptic Tests 


taste panel, which usually consisted seven judges, was used. The 
prepared samples were judged primarily for mealiness although some 
attention was also directed colour and flavour. 

1953, modified triangle test was used which the judges were 
requested select the ‘‘different’’ sample from the three samples placed 
before them, two the samples being identical. The usual triangle test 
was modified allow judge indicate the judge 
concluded that observable difference was evident. The data thus 
obtained were analysed using Chi-square test goodness fit 
1:1:1:3 ratio. The above tests were designed primarily determine 
whether the taste panel could effectively discern differences. 


1954, the organoleptic tests were designed obtain preference data. 
This was accomplished judging all six samples (two specific gravity 
groups each three varieties) each judging session and giving each 
sample numerical score scale ranging from (very pasty, non-mealy) 
(very mealy). Each judging was replicated eight times. order 
obtain scores comparable basis, standard sample (Waseca—specific 
gravity 1.100) was prepared and included each replication. the 
basis preliminary tests, this standard sample was given mealiness score 
and the judges were informed this score each session. 


Resistance Whipping Shear Measure Mealiness 

was attempted relate resistance shear boiled tissue with 
mealiness some simple method. The resistance whipping shear 
was measured installing A.C. wattmeter between the power source 
and electric food-mixer and measuring the load difference different 
amounts electrical energy required whip the various samples. The 
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base wattage rate was established allowing the mixer run empty until 
the watt rate During the measurements, the mixer blades 
were kept full and continuous contact with the sample. 


Physical Characteristics Potato Tissue 


Some microscopic studies were undertaken. 1953, comparisons 
were made starch granule size, cell size and the number starch granules 
per cell and per cubic millimetre raw tissue. 1954, similar measure- 
ments were made and, addition, the degree flocculation solids 
boiled tissue slurries was estimated, was the degree diffuseness 
iodine-stained aggregates. Tissue slurries were prepared cutting round 
plugs through the greatest diameter each tuber with cork borer and 
then macerating these with blender. Aliquots this material were then 
given definite temperature treatment and the above observations made. 

Another physical characteristic studied was the relative viscosity 
suspensions lyophilized tissue during gelatinization Brabender 
Amylograph. Peeled tubers were diced and washed 0.5 per cent 
sodium bisulphite solution prevent air oxidation. This material was 
then frozen —10° and dried large lyophilizer. The dried material 
was ground with Wiley mill, using 40-mesh screen. The ground material 
was used prepare suspensions (30 grams dry material 400 ml. water) 
which were then heated with constant temperature increase 
per minute maximum temperature 89° Pasting curves 
the high and low specific gravity samples each the three varieties were 
recorded and pertinent data abstrated from these. 


Chemical Methods 


Dry matter determinations were made the usual manner. The 
values reported are based ten individual determinations. Excess air 
oxidation was prevented addition constant amount sodium 
bisulphite solution. 

The amount ash was determined drying quantities raw 
tissue (no bisulphite added) dryness followed ignition electric 
muffle furnace. constant amount magnesium acetate was added 
each the samples before ignition. 

Nitrogen determinations were carried out according the spectro- 
photometric method Lanni and Dillon (6). The amount smaller 
molecular weight nitrogenous components was determined extraction 
raw tissue with per cent ethanol. 

The values for total sugars were obtained summation the amounts 
glucose, fructose and sucrose determined paper chromatographic 
method values for total sugars obtained the chromatographic 
method were good agreement with values (not shown) obtained the 
Lane-Eynon method (9). instance was variation greater than per 
cent encountered when the results the two methods were compared. 

The content non-iodine-complexing polysaccharide was determined 
using lyophilized tissue. The dry tissue was extracted with cold water, 
the water-soluble proteins precipitated with trichloroacetic acid and the 
polysaccharide recovered fractional precipitation with ethanol. 
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The starch content the 1953 tuber lots was determined acid 
hydrolysis. 1954, starch was determined the optical method accord- 
ing Balch (2), flotation aqueous ethanol, flotation water and acid 
hydrolysis. 

Quantities starch were fractionated from each the different tuber 
lots flotation and subsequent mechanical screening. The purity 
these starch fractions was established acid hydrolysis followed both 
chromatographic determination glucose well polarimetric deter- 
mination glucose. The purity was also checked the Balch optical 
polarimetric method. The amylose content each the starch samples 
was determined the method McCready and Hassid (7). 


measure the degree branching amylopectin (one the two 
components starch) was attempted periodate oxidation studies upon 
the different starch samples. The methodology was essentially that 
Abdel-Akher and Smith determining the amount formic acid 
produced the oxidation pure potato amylose and relating this the 
amount formic acid produced the oxidation the different starches, 
was possible arrive estimate the degree branching the 
amylopectin component since the amount amylose present had been 
previously determined. 


RESULTS AND DISCUSSION 
Organoleptic Tests 


The results obtained the modified triangular tests are presented 
Table The data (Group show that the taste panel encountered 
difficulty selecting the sample which differed mealiness among Red 
Pontiac tubers widely different specific gravity. Likewise, the same 
true for tubers the variety Cobbler (Group B). When samples 
identical specific gravity but differing variety were evaluated, the panel 
again selected one sample being mealiness. This 


TABLE 1.—DISTRIBUTION TASTE PANEL CHOICES FOR MEALINESS WITHIN EACH FOUR 
GROUPS SAMPLES WHICH EITHER SPECIFIC GRAVITY 
VARIETY WAS THE ONLY VARIABLE 


Variety and Choice Variety and Choice 
Group specific gravity distribu- Group specific gravity distribu- 
lots judged tion lots judged tion 
Red Pontiac 1.100 Cobbler 1.080 
Red Pontiac 1.080 Cobbler 1.100 
Red Pontiac 1.080 Cobbler 1.100 
“No difference” “No 
116** 107** 
Red Pontiac 1.100 Cobbler 1.080 
Cobbler 1.100 Red Pontiac 1.080 
Cobbler 1.100 Red Pontiac 1.080 


** Indicates highly significant deviation from a fit to 1:1: 1:3 ratio. 
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TABLE 2.—THE MEAN MEALINESS SCORES OF SIX POTATO LOTS DIFFERING 
IN VARIETY AND SPECIFIC GRAVITY 


Variety Specific gravity Mealiness score 
Red 1.080 
Red Pontiac! 1.100 4.9 
Cobbler 1.080 5.4 
Cobbler 1.100 
Waseca 1.080 6.2 
Wasec 1.100 8.0 
L.S.D., level 0.8 
L.S.D., level 


1A small quantity of tubers of Red Pontiac were obtained which possessed a specific gravity of 1.065. 
A sample of these tubers was periodically compared to the other six samples in the above tables and a mealiness 
score of 3 was obtained. 


TABLE 3.—RESISTANCE TO WHIPPING OF BOILED POTATOES AS MEASURED BY LINE LOAD 
INCREASE OVER A BASE RATE OF THE ELECTRIC FOOD MIXER 


Variety Specific gravity Mealiness score increase (watts) 
Red Pontiac 1.080 41.1 
Red Pontiac 1.100 4.9 44.3 
Cobbler 1.080 5.4 35.7 
Cobbler 1.100 22.4 
Waseca 1.080 6.2 35.4 
Waseca 1.100 8.0 26.1 
L.S.D., level 
L.S.D., level 5.0 
with mealiness —0.92** 


observed Group Table for high specific gravity tubers and 
Group for low specific gravity tubers. thus evident that the 1953 
organoleptic tests established that the judges could effectively distinguish 
differences mealiness potatoes varying variety and/or specific 
gravity. 

The mean mealiness scores obtained 1954 for six different tuber lots 
using simple replicated design are presented Table The mealiness 
scores low and high specific gravity Red Pontiac were not significantly 
different, neither did low specific gravity Cobbler differ from the tubers 
Red Pontiac. Low specific gravity Waseca tubers were scored significantly 
higher mealiness than were otherwise comparable Red Pontiac and 
Cobbler tubers. High specific gravity Cobbler and Waseca tubers were 
scored significantly higher than all other lots and did not differ from each 
other. These results corroborate earlier findings the University 
Minnesota that specific gravity grading tubers different varieties does 
not necessarily imply uniform mealiness; fact, potatoes identical 
specific gravity may differ greatly mealiness. 
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Resistance Shear Boiled Tissue 


The results the shear-test measurements are given Table 
together with the mealiness scores the corresponding samples. highly 
significant negative correlation —0.92 was obtained between mealiness 
scores and resistance shear (line load increase). This type measure- 
ment appears potentially useful whereby mealiness potatoes could 
measured objectively. apparatus which temperature the 
material could accurately controlled would undoubtedly reduce 
variations that were encountered between the replicates. Also, measure- 
ment torque would superior measurements differences electrical 
energy necessary shear the boiled tissue. 


Physical Characteristics Potato Tissue Relation Mealiness 


Measurements were made starch granule size, cell size and numbers 
starch granules per cell and per cubic millimetre raw tissue. The 
degree flocculation solids boiled tissue slurries was estimated, 
was the degree diffuseness iodine-stained aggregates and the number 


apparently intact starch granules. The results obtained are presented 
Table 


evident that association between starch granule size and 
mealiness exists. The data for degree flocculation, diffuseness 
iodine-stained aggregates and number intact starch granules indicate 
some degree association between these characteristics and mealiness. 
Boiled slurries from high specific gravity Cobbler and Waseca tubers showed 
tendency exhibit more flocculation, lesser degree diffuseness the 
iodine-stained aggregates and fewer apparently intact starch granules than 
the low specific gravity tuber lots the same varieties. the Red 
Pontiac tuber lots—all which were low mealiness—a lesser degree 
flocculation, greater degree diffuseness iodine-stained aggregates and 
greater number apparently intact starch granules were evident. Correla- 
tions between mealiness and the above three factors are statistically 
significant the per cent level approaching significance this level. 


TABLE 4.—PHYSICAL CHARACTERISTICS OF POTATO TISSUE IN RELATION TO MEALINESS 


Starch Average No. tatact 
Variety and Mealiness gran., 0.2 diam. Degree Diffus. of Mabie a./ 
spec. gr. score mm. diam. starch of flocce.! aggreg.? mice held 
and over gran. 
Red Pontiac 
1.065 3.0 _ _ 3 2 7.8 
1.080 Si2 25 0.12 6 5 5.4 
1.100 4.9 21 0.14 5 + 10.8 
Cobbler 
1.080 5.4 19 0.11 9 9 0.8 
1.100 7.9 26 0.14 10 10 0.0 
Waseca 
1.080 6.2 16 0.10 8 7 23 
1.100 8.0 14 0.17 9 8 0.5 
with mealiness -0.49 0.62 0.78* 0.83* —0.75 


_ 152 Cooled slurries were examined under the microscope and a rating of 1 to 10 was adopted: for floccula- 
tion, 1—very little flocculation evident, 10—numerous massive aggregates; for diffuseness of aggregates, 1—very 
diffuse boundaries, 10—boundaries distinct and well defined. 
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TABLE 5.—RELATIVE VISCOSITY SUSPENSIONS LYOPHILIZED POTATO TISSUE 
DETERMINED BRABENDER AMYLOGRAPH 


viscosity! viscosity viscosity 
min. 
Red Pontiac 
1.065 3.0 315 
1.100 4.9 515 
Cobbler 
1.080 5.4 460 
Waseca 
1.080 6.2 490 
1.100 8.0 630 
with mealiness 


1 Expressed as relative numerical units. 


Experiments involving the use the Brabender Amylograph demon- 
strated that this device could used evaluate mealiness. From the 
automatically recorded pasting (viscosity) curves obtained amylograph 
runs, the maximum relative viscosity, temperature and time required 
reach maximum viscosity were determined and are presented Table 
Among the high specific gravity samples, Cobbler and Waseca exhibited 
similar curves but the Red Pontiac samples yielded viscosity curves which 
possessed more gradual slope and did not attain high maximum 
did the former The curves the low specific gravity samples 
were quite similar contour although Waseca gave somewhat higher 
maximum relative viscosity than did Cobbler and Red Pontiac. highly 
significant correlation between maximum viscosity and mealiness evident. 


Chemical Characteristics Potatoes Relation Mealiness 


The dry matter, ash and protein content the 1954 tuber lots are 
presented Table apparent that, while there fairly close 
correlation between mealiness and dry matter content, this association does 
not hold when comparisons between varieties are made. Whereas only 
small differences exist between the dry matter content high specific 
gravity Red Pontiac, Cobbler and Waseca, the mealiness score Red 
Pontiac significantly lower than the score the other two varieties. 
Similarly, the comparison lower specific gravity tuber lots, only small 
differences dry matter exist but Waseca was scored significantly higher 
mealiness than the other two varieties. directly proportional 
dry matter content (and specific gravity) Cobbler and Waseca; 
however, this relationship not evident Red Pontiac. 

The ash content raw tissue Red Pontiac was somewhat higher 
than comparable lots the other varieties. This difference was not 
evident when boiled tissue was analysed. indicated the correlation co- 
efficient, little, any, association between mealiness and ash content exists. 
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inverse relation observable between specific gravity and total 
crude protein content both raw and boiled tubers. Data the solubility 
the nitrogenous fractions various solvents (not shown table) 
indicated that most the nitrogen present small polypeptide, free 
amino acid nitrogen base form. indicated the correlation 
coefficients Table mealiness does not appear strongly associated 
with nitrogen content raw and boiled tubers. significant negative 
correlation evident between nitrogenous material soluble per cent 
ethanol and mealiness. This association would real significance with 
respect mealiness the simple nitrogenous compounds some manner 
acted “mortar between partially gelatinized starch granules 
anti-swelling agents forming protective layer around the partially 
gelatinized starch granules. Because the different amounts nitrogen 
lost during cooking the various tuber lots, appears desirable that 
cooking quality should related nitrogen content boiled tubers 

Total soluble sugar, polysaccharide, starch and amylose content the 
different tuber lots are presented Table The rather high concentrations 
total sugars Red Pontiac tubers and low specific gravity Cobbler 
and Waseca may account, some extent, for the lower degree mealiness 
these lots for the same reason mentioned connection with the simple 
nitrogenous compounds. significant negative correlation between total 
sugar content and mealiness evident. 

Potatoes high non-starch, non-iodine-complexing polysaccharide 
were usually low mealiness. However, low specific gravity Waseca 
contained approximately the same concentration polysaccharide did 
Red Pontiac, yet were scored significantly higher for mealiness. 


Data for starch content 1954 tuber lots are shown Table 
general, starch content was directly proportional specific gravity, but 
should noted that tubers identical specific gravity and differing 
variety not necessarily have the same starch content. Low specific 
gravity Red Pontiac had lower starch content than comparable samples 
Cobbler and Waseca. Although positive relationship between meali- 
ness and starch content evident, the low mealiness score high specific 
gravity Red Pontiac cannot explained the basis starch content alone. 


content the starch the various tuber lots also shown 
Table general, starch from the low specific gravity tubers contained 
less amylose. Cobbler and Waseca tubers contained more amylose than 
did Red Pontiac similar specific gravity. and amylose content 
are highly positively correlated. This association may explain part 
why low specific gravity tubers varieties Cobbler and Waseca were 
scored differently for mealiness. 

The relative amounts the two components starch, amylose and 
amylopectin, may important influencing mealiness potatoes because 
differences the chemical and physical properties they possess. Amylose 
exists long alpha-1,4-linked polyglucosan chains. This chain spacially 
arranged form helix, the inside diameter being large enough accom- 
modate iodine molecules with the resulting typical blue amylose-iodine 
complex. Because the straight, unbranched chain arrangement 
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TABLE 8.—LENGTH THE REPEATING UNIT CHAIN LENGTH AMYLOPECTIN 
THE SEVEN DIFFERENT TUBER LOTS 


Moles anhydro-glucose 
per repeating unit! 


Variety and specific gravity Mealiness score 


Red Pontiac 
1.065 


3.0 16.6 
1.080 5.2 
1.100 4.9 14.8 

Cobbler 
1.080 5.4 16.4 
1.100 7.9 18.2 
Waseca 
1.080 6.2 18.1 
1.100 8.0 18.4 
with mealiness 0.69 


1 Values calculated on basis of amylopectin content of starch of each of the different potato tuber lots. 


amylose, enables parallel alignment the individual chains and the 
resulting strong hydrogen bonding leads rigid crystalline complex. 
This tendency toward chain alignment causes amylose retrograde rapidly 
after has been dissolved hot water and then allowed cool. 

Amylopectin also alpha-1,4-linked polyglucosan but additional 
linkage exists, that periodically branch point occurs which 
1,4,6-linkage involved, the glucose molecule one chain linked 
glucose molecule another chain. This type branching 
gives amylopectin arborescent tree-like structure with result that 
can more readily accommodate water molecules and consequently will 
dissolve more easily. Amylopectin shows very little, any, tendency 
toward retrogradation and when solution relatively pure amylopectin 
treated with iodine-KI solution, red brown colour develops 
contrast the blue amylose-iodine complex. 

the basis the differences their physical structure and chemical 
properties, high concentrations amylose might result greater mealiness 
while high amylopectin content (with its marked hydration tendency) 
could conceivably confer the sample pasty consistency. 
supposition agreement with the relationship between amylose content 
and mealiness seen Table 

The chain lengths (number units) the repeating 
units amylopectin the various starch samples determined 
periodate oxidation studies are presented Table Short chain lengths 
indicate greater branching frequency. With one exception, tuber lots that 
were less mealy apparently contained amylopectin with greater degree 
Since, mentioned earlier, the hydration tendencies the 
more highly branched chain would greater, this factor could conceivably 
least partially contribute the pastiness stickiness boiled and 
mashed potato tissue. view this possibility, appears desirable that 
more attention might directed study the molecular structure 
the starch fractions amylose and amylopectin careful fractionation 
starches from different tuber lots into its component parts followed 
periodate oxidation and methylation studies. 
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CONCLUSIONS 


Organoleptic tests involving two varieties potatoes 1953 and 
three varieties 1954 confirm previous observations that potatoes 
within variety which differ specific gravity differ mealiness; and, 
(b) potatoes different varieties but identical specific gravity may also 
differ quite markedly mealiness. 


Physical characteristics potatoes which appear associated 
with mealiness are (a) degree flocculation and aggregation and diffuseness 
iodine stained aggregates slurries raw potato tissue which had been 
heated for definite period time and then allowed cool; number 
apparently intact starch granules heated tissue slurries (negatively 
correlated); (c) resistance shear boiled tubers (negatively correlated) 
maximum relative viscosity suspensions lyophilized tissue when 
gelatinized Brabender Amylograph. 


Chemical characteristics potatoes which appear associated 
with mealiness are dry matter content; starch content; (c) sugar 
content; (d) amylose content the starch. 


Mealiness apparently not associated with starch granule size 
raw tubers; ash content; (c) crude protein content. 


Characteristics which need further investigation order 
determine their more exact relation mealiness potatoes are the nature 
the polysaccharides; the physico-chemical effects high amounts 
simple nitrogenous compounds the swelling starch granules, and the 
molecular structure the two starch components, amylose and amylopectin, 
tuber lots which show wide variation mealiness but have similar 
starch content. 
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THE EFFECT SWATHING DIFFERENT STAGES 
MATURITY THE BUSHEL WEIGHT AND YIELD 
WHEAT! 


(Received for publication August 29, 1956] 


ABSTRACT 


Tests were conducted over 3-year period determine the earliest stage 
maturity which wheat could swathed without loss quality yield. 

Wheat was cut daily over period several weeks. Kernel moisture 
content was used measure maturity, attempt being made remain 
within the moisture range 14.5 per cent. Weights per bushel and 
yield bushels per acre were determined the time picking the swath 
with the combine. 

variance analysis the data indicated that wheat may swathed 
stage when the kernel moisture content per cent without loss yield 
bushel weight. Correlations between kernel moisture swathing and 
final weight per bushel indicated that association existed until the moisture 
dropped per cent. The relationship was not significantly correlated 
beyond this point. Similarly, the correlations between kernel moisture 
swathing and yield pointed association that was present down the 
per cent moisture level but was not significant later stages maturity. 


INTRODUCTION 


The developments over the past years the mechanization 
harvesting methods have introduced several problems. The straight 
combining operation requires that wheat uniform ripeness and 
least the required 14.5 per cent kernel moisture content ensure safe 
storage. Crops are usually left until this stage maturity reached. 
delay this nature prolongs the exposure the crop the climatic 
elements during which loss quality and yield may result through 
wind, rain, hail, frost, and insects. Russian thistle and pigweed grow 
rapidly the fall the year, particularly the season wet, and their 
thick, succulent stems present problem fields left for straight com- 
bining. 

The introduction the windrower, swather, and the pick-up 
attachment for the combine resulted claims that early swathing im- 
proved the quality and increased the quantity grain. However, the 
tendency wait for uniformity ripeness persisted and the advantages 
the swather method over straight combining were lost. 

The project reported here was undertaken make study the 
effect swathing grain different stages maturity upon yield and 
bushel weight, and determine the practicability advancing the harvest 
date order avoid the natural hazards that accompany straight com- 
bining. 

REVIEW LITERATURE 


Bedford (3) (4) and McDowell (15) reported increase yield 
wheat harvested maturity over that harvested week earlier the 
dough stage. increase kernel weight until the grain reached the 


1Contribution from the Field Husbandry, Soils and Agricultural Engineering Division, Experimental 
Farms Service, Canada Department of Agriculture. 
Engineer, Experimental Farm, Swift Current, Sask. 
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medium stiff dough stage was noted Briggs (6) and substantiated 
Benchley and Hall (5), who further concluded that, although there might 
gain weight due early cutting, there would loss quality. 
Saunders (19) and Kiesselback (13) stated that the gain weight the 
wheat kernel was most rapid until the late dough stage with little gain 
during the last week; while Dunham (9) (10) found the greatest gain 
the more mature stages. Stoa (23) concluded that wheat maturing nor- 
mally was ready for harvest the semi-hard condition. Arny (1), Arny 
and Sun (2), and DeLong (8) indicated that crops may harvested 
week more before maturity under cool, humid conditions without 
sacrificing quantity, quality, market grade any great extent. 

Sharp (20) concluded that the per cent kernel moisture level 
may the point below which there ceases free water present which 
necessary for the activity the growing kernel, while Kiesselback and 
Lyness (14) state that the translocation substance from the straw 
the grain complete the per cent moisture content stage. 

was reported Shaw (21) that curing the stack did not improve 
physical appearance protein content over grain allowed ripen the 
field and Shutt (22) indicated that wheat cured the stook averaged higher 
weight than that harvested earlier and dried room temperature. 
loss crop cutting week early and allowing cure the stook 
reported Saunders and Wilson (16) state that windrowed 
grain cures uniformly the swath and protected position, while 
Grimes (11) points out that wheat can swathed days before 
ready combined. and Hewlett (12) obtained satisfactory 
results with windrowed barley and wheat and noted that the grain dried 
faster the windrows than when stooked. According wheat 
swathed per cent kernel moisture yielded and graded 
well that cut later stage. Later work Swift Current? sub- 
stantiated this grade, but yields were less. Brown (7) indicated that 
wheat combined relatively high moisture content yielded and weighed 
much that cut later. Parks (17) concluded that delayed harvesting 
accentuated the losses from Hessian fly, Phytophaga destructor Say., and 
the wheat stem sawfly, Trachelus tabidus Fab., and may involve risk 
loss from grasshoppers. 

PROCEDURE 


The preliminary investigations, conducted 1943 and 1952, indicated 
that, for the purpose this experiment, the stage maturity measured 
kernel moisture content had limits 14.5 per cent. 

The swathing period for the 1953 1955 trials covered consecutive 
days, plots wheat being required provide replicates each four 
random blocks. Cutting began when the moisture dropped per cent 
and continued daily until the grain reached 14.5 per cent. 14-foot self- 
propelled swather was used, the acreage for calculation purposes being one 
swath wide 150 feet. additional adjacent swath was cut and used 
for moisture sampling, thereby not disturbing the first swath which was 
used for yield results only. 


iHarvesting of sawfly infested grain—Unpublished report to the Dominion-Provincial Co-ordinating 
Committee for Sawfly Control. 1944. 
2Annual Report, Dominion Experimental Farm, Swift Current, Saskatchewan. 1952. 
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Swathing was completed, weather permitting, o’clock each 
morning. The samples for moisture were collected immediately, threshed 
laboratory cyclone thresher and cleaned through office model cleaner. 
The cut grain each swath was sampled daily order determine the 
rate drying. 

Moisture determinations, the wet-weight basis, were made 
triplicate, using 50-gram samples. These were placed thermostatically 
controlled electric oven and dried for hours 98° Later determina- 
tions, when the kernel moisture content the samples dropped below 
per cent, were carried out with Halross electric moisture tester order 
conserve oven space and facilitate handling the large number samples. 

The swaths were picked with combine and threshed when the 
kernel moisture content approximated 14.5 per cent. Yield was calculated 
from the recorded weight grain from each plot the basis 
bushel. The actual weight per measured bushel was determined the 
same time. 


RESULTS AND DISCUSSION 


The results the experimental work conducted with wheat over the 
3-year period 1953-1955 inclusive are shown Table 

field was sown Rescue wheat 1953 and subsequently marked 
give plots. Swathing was started August kernel moisture 
content 56.4 per cent. The last date cutting was August 29, 
which time the moisture had dropped 17.1 per cent. The intention was 
remove the swathed grain when the moisture content reached 14.5 per 
cent, but repairs the combine proved costly loss time. severe 
wind and rain storm, local nature and short duration, scattered the 
swaths. result, yield calculations could not made for the entire 
test. Weight per bushel was determined from the grain recovered. The 
data show that the highest bushel weight, 62.0 was obtained when the 
swathing was done August akernel moisture content 35.4 per cent. 
Swathing after this stage produced significant change bushel weight. 

The 1954 tests were conducted similar manner using Chinook 
wheat. Inclement weather and poor field conditions delayed the start 
the cutting and interfered with the carrying-out the daily swathing 
operations. The first swath was cut August kernel moisture 
content 26.8 per cent. was recognized that this was much too late 
supply complete information. The data indicate that, after 26.8 per 
cent kernel moisture content, there was significant difference yield 
weight per measured bushel from samples cut lower moisture contents. 
This supports the results obtained 1953. The information obtained 
daily for determination the rate drying was not reliable because 
the frequent wetting and drying the swaths. 

The test was repeated 1955 using Chinook wheat. The first swath 
was cut August kernel moisture content 42.7 percent. Cutting 
was uninterrupted and completed August when the moisture dropped 
15.4 per cent. The greatest weight per measured bushel was obtained 
moisture content 17.6 per cent, but the data revealed that there 
was significant difference after the moisture content reached 36.3 per 
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cent. There was significant difference yield after kernel moisture 
content 40.9 per cent, although the highest yield came the 34.5 per 
cent moisture stage. The data dealing with the rate drying indicated 
that the grain could recovered from the swath four days after the 34.5 per 
cent kernel moisture level. Weather conditions were warm and dry. 


Correlation coefficients were calculated from the data using the means 
determine association existed between kernel moisture the grain 
swathing time and weight per measured bushel and yield when threshed. 


correlation —0.801 for moisture and weight, the 1953 data, 
indicated strong relationship existed between these two factors. 
similar calculation, made within the kernel moisture range 56.4 and 35.4 
per cent, resulted value —0.934, which suggests that above 
per cent kernel moisture the relationship very firm. The correlation 
the range 25.9 17.1 per cent kernel moisture drops 0.153, inferring 
that below the per cent level there relationship between moisture 
swathing and final weight per bushel. 


The calculation correlation coefficient for the 1954 data placed 
the value 0.293 the range kernel moisture content from 26.8 
18.9 per cent. This supported the 1953 results indicating that there 
was association between moisture swathing and bushel weight below 
the per cent moisture level. 


The correlation coefficient for the 1955 wheat data —0.801, again 
suggesting association between moisture and weight. The relationship 
the kernel moisture range 42.7 36.3 per cent indicated 
value —0.877 which substantiates the 1953 data the range above the 
per cent kernel moisture point. the range 31.5 15.4 per cent 
moisture, the correlation coefficient 0.242, suggesting that kernel moisture 
swathing and final weight per measured bushel are not significantly 
correlated below the per cent moisture level. 


Yield data were not available for 1953 the correlation between 
kernel moisture and yield was calculated for 1954 and 1955 only. There 
was significant correlation between moisture and yield for 1954, the 
value working out 0.482 for the moisture range 26.8 18.9 per cent. 


analysis the 1955 results showed the correlation coefficient be- 
tween moisture and yield —0.452. This relationship, although 
negative, not significant for the moisture range the data, the author 
concluding that minimum two additional earlier cuttings should have 
been made. The association the moisture range 42.7 36.3 per 
cent had correlation coefficient indicating that yield affected 
moisture above the per cent kernel moisture point. The value 
from 31.5 15.4 per cent kernel moisture denoting significant 
relationship between these two factors below per cent kernel moisture 
content. 
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The results the three years test work with wheat have indicated 
that this grain may swathed soon the kernel moisture content 
reaches per cent without seriously affecting the bushel weight yield. 
This stage occurs seven nine days before the crop ready for straight 
combining. cures uniformly the swath and ready for recov- 
ery the combine within four days under normal harvesting weather 
conditions. Figure illustrates the daily effect swathing weight per 
bushel and yield related kernel moisture content. The downward 
trend yield after the per cent kernel moisture content reached 
apparent. will noted that maximum weight per bushel occurred 
later stage. 


CONCLUSIONS 


Wheat may swathed kernel moisture content per cent 
and allowed mature the swath without loss quality yield. 


Swathing this higher moisture content may advance the harvest 
operations much nine days ahead the stage maturity usually ac- 
cepted suitable for straight combining. 


The swath made this stage well bound and firmly anchored 
the stubble, thus reducing losses that may incurred rain, hail, 
shattering, and insects, and avoids some the mechanical losses that 
accompany straight combining. 


The swath may picked with combine four days after swath- 
ing during normal harvesting weather. 
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PRIMARY PLACE ACTION AND SYMPTOMS INDUCED 
PLANTS 3-(4-CHLOROPHENYL)-1, 1-DIMETHYLUREA! 


MINSHALL 


[Received for publication February 26, 1956] 


ABSTRACT 


Application monuron kidney-bean, tomato, spinach, corn, and barley 
produced the following symptoms: acute water-soak blotch, silver blotch, inde- 
terminate grey blotch, wilt, petiole collapse, stem collapse, rapid yellowing, 
abscission, and partial chlorosis. symptoms and the conditions under 
which they developed are described. the gross response plants 
monuron treatment two more symptoms usually were involved and the 
syndrome was influenced plant species, dose, and environmental condi- 
tions. The primary place monuron action was the shoots plants. 


excised leaves internal concentrations 100 400 micrograms 
monuron per gram fresh weight produced extensive acute water-soak blotch- 
ing within matter hours. Internal concentrations micrograms 
per gram fresh weight produced, after several days, such symptoms wilt, 
silver blotch, indeterminate grey blotch, rapid yellowing, and abscission 
addition the few isolated acute water-soak blotches which developed 
soon after treatment. 


INTRODUCTION 


3-(4-chlorophenyl)-1, 1-dimethylurea (monuron) recently intro- 
duced herbicide. with other biocide chemicals, information about its 
mode action necessary determine the potentialities this material. 
Before attempting mode action studies, however, the primary action 
the chemical and the site this activity must first determined. 
part continuing study, the present paper provides information the 
place primary action and the types symptoms produced monuron. 


MATERIALS AND METHODS 


For these studies plants tomato (Lycoperisicon esculentum Mill, 
var. Bonny Best), kidney-bean (Phaseolus vulgaris L., var. Black Valentine), 
spinach (Spinacia oleracea L., var. King Denmark), corn (Zea Mays L., 
Hybrid, Pfister 44, MF) and barley (Hordeum vulgare L., var. Montcalm) 
were grown the greenhouse. the summer months slatted shades 
reduced the intensity sunlight from 10,000 approximately 3,000 ft.-c. 
and moderated the greenhouse temperature. Other than the shades, 
however, plants were subject ordinary greenhouse conditions without 
supplementary light. Applications monuron, 99.9 per cent pure, were 
made roots intact plants pots soil and nutrient solutions and 
the cut surfaces excised shoots and excised single leaves. Treatments 
were made the greenhouse different seasons the year. When 
uniform environment was desired during treatment and symptom develop- 
ment the experiments were carried out under panel slimline, standard 
cool white, fluorescent lamps light intensity 1000 ft.-c., temperature 
80°F., and relative humidity per cent. 


The symptoms described this paper developed plants grown 
the greenhouse under other artificial conditions. possible, there- 
fore, that they may differ from symptoms that would develop under natural 


1Contribution No. 69 from Science Service Laboratory, Canada Department of Agriculture, University 
Sub Post Office, London, Ontario. 
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conditions. Although this may true part, all symptoms de- 
scribed have been observed intact normal plants. The utilization 
artificial conditions facilitated the separation the different phases 
the monuron syndrome. 


PRIMARY PLACE ACTION 


was reported previously (5) that when potted tomato plants were 
watered from the bottom with p.p.m. less monuron the roots 
remained alive for some days after the leaves had been killed. These 
results suggested that the primary toxic action monuron occurred 
the shoots plants. Further evidence can now given support 
this suggestion. 

Corn seedlings were placed for seven days water solutions monuron 
75°F. and 150 ft.-c. continuous fluorescent light. the end this 
exposure the seedlings were removed from the monuron solutions and trans- 
ferred nutrient cultures the greenhouse. During the seven days 
exposure monuron neither nor p.p.m. had any adverse effect 
the extension growth the roots; but the end four weeks those seed- 
lings which had been exposed p.p.m. monuron were dead, whereas 
most those which had been exposed p.p.m. were still alive and 
growing. 

When timothy seedlings were exposed graded series concen- 
was required give appreciable suppression root extension growth. 
Further work has produced similar results with roots barley, corn, bean, 
and tomato but all these species have been killed with concentrations 
monuron much less than p.p.m. evident, therefore, that plants 
can killed with concentrations monuron too weak suppress the 
extension growth roots. 

another experiment special planting boxes were utilized investi- 
gate the effect monuron corn and bean seedlings. The boxes, 
size, had one side glass covered with sliding panel. During 


Early stage intercostal water-soak blotch bean. Blotches were 
light green colour. Photographed hours after excised shoot placed p.p.m. 
monuron. Plant was grown under slatted shades greenhouse August. 


Same leaf Figure photographed days later. Blotches were 
brown colour. 


Marginal water-soak blotch bean. 


Early stage indeterminate grey-coloured blotch bean. Blotches 
were greyish colour. Photographed after intact plant was watered with 
p.p.m. monuron. Plant was grown under slatted shades greenhouse August. 


Early stage silver blotch bean. Blotches were silvery whitish 
colour. Intact potted plant watered with p.p.m. monuron for days while held 
under slatted shades greenhouse August. 8th day plant placed full sun- 
light. Photograph taken the 9th day. This blotch developed after plant was 
placed sunlight. 


Silver blotch. second leaf from plant receiving identical treatment 
and photographed the same time leaf Figure Foliage shaded part 
this leaf during exposure sunlight. 


fas a 
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Wilt bean. Intact potted plant watered with p.p.m. monuron for 
days while held under slatted shades greenhouse August. 8th day plant 
placed full sunlight. Photograph taken 9th day. The wilt developed after 
plant placed sunlight. 


collapse bean. Intact potted plant watered with p.p.m. 
monuron while held under slatted shades greenhouse August. Photographed 
the 9th day. 


and 10. Rapid yellowing bean. Leaves right each figure 
were water controls. Leaves were excised from plants grown out-of-doors 
September, treated with monuron, then held temperature 82°F. and light inten- 
sity 700 ft.-c. Photographed days after treatment. Treated leaf Figure was 
from 7-weeks-old plant and contained monuron. leaf Figure 
was from 4-weeks-old plant and contained 200 ug/g monuron. 


11. Partial chlorosis bean. Leaf left was water control. Leaf 
right was excised from 2-weeks-old plant grown greenhouse under slatted shades 
September, treated with monuron, then held temperature 82°F. and 
light intensity 700 ft.-c. Photographed days after treatment. 
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the experiment portion the root system was observed through the glass. 
monuron per acre was sprinkled the surface the soil just prior the 
emergence the seedlings. Necrotic blotches appeared the shoots 
both corn and bean the sixth day after application, but the roots ap- 
peared white and normal until the fourteenth day. The shoots were 
severely blotched and for the most part dried before the roots turned 
brown colour (Figure 12). 

the basis the above described results concluded that, for 
least relatively low concentrations monuron (less than p.p.m. 
water solutions per acre soil), the primary place action 
the shoots plants. This agrees with the results obtained Bucha 
and Todd (1), Levi (4), and Muzik, Cruzado and Loustalot (7). 

the primary place action monuron the shoots plants, 
what then are the symptoms produced this chemical? 


SYMPTOMATOLOGY 


Application monuron plants has produced the following nine 
symptoms: (1) acute water-soak blotch; (2) silver blotch; (3) indeterminate 
grey blotch; (4) leaf-wilt; (5) petiole collapse; (6) stem collapse; (7) rapid 
yellowing; (8) abscission leaves, and (9) partial chlorosis. 
description these symptoms and the conditions under which they 
have developed hereby presented. 


Acute water-soak necrotic leaf blotch 

Water-soak blotch developed all species tested. was first noted 
light green, water-soaked areas the blades leaves mature enough 
have relatively high rate transpiration (Figure 1). With time the 
affected areas turned brown colour, became flaccid, and then dried 
(Figure 2). 1000 ft.-c. more light and temperature 75°F. 
the blotches turned brown within one two days. the epidermal 
layers were killed the early stages development then the blotches 
became sunken and glazed appearance. the present experiments 
this sunken effect developed infrequently. 

Excised primary leaves bean plants grown slatted greenhouse 
August required from 100 400 micrograms monuron per gram 
fresh weight leaf produce extensive water-soak blotch (Figure 15). 
The actual internal concentration required depended such factors as: 
(A) age leaf—the older the leaf the higher the required concentration; 
(B) light intensity under which the leaf was grown—leaves plants grown 
sunlight required higher internal concentration than leaves grown 
shade; and (C) light intensity during treatment—the higher the light 
intensity during symptom development, the greater the extent blotching 
from given concentration chemical. 

The most common water-soak blotch was acute type. With 
external concentration 128 p.p.m. monuron and high rate transpira- 
tion, excised shoots bean and tomato developed the light green water- 
soaked appearance within hours and had completed the development 
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within hours. Intact potted plants required two three days for 
the blotch develop. The rate development this acute water-soak 
blotch was direct relationship the external concentration monuron 
and the environmental conditions affecting transpiration. The rapid 
appearance water-soaking, together with the requirement high 
internal concentration, suggests the toxic action includes direct effect 
cell surfaces. The destruction membranes and consequent leakage 
cell contents produced the typical water-soaked appearance. 


The first blotches develop were usually marginal (Figure 
sionally, however, they were intercostal (Figure (5) reported 
that monuron readily penetrated the roots bean and tomato and was 
then carried passively the tops the transpiration stream. When the 
water was transpired from the leaf, therefore, the chemical would remain 
and accumulate. Ryder (8) stated that, angiosperms, the stomata 
increased frequency from the base the tip the lamina and from the 
midrib toward the margins individual leaves. bean leaves Smith 
(9) found that stomatal frequency was highest near the apex and lowest 
near the midrib and that there was positive correlation between the stom- 
atal frequency and the rate transpiration. Apparently because this 
distribution stomata and consequent pattern transpiration, blotches 
first occurred the margins tips leaves, for was these areas that 
monuron would first reach lethal concentration. When, however, 
uptake chemical was under environment conducive higher than 
normal rate transpiration, the pattern transpiration presumed 
have been changed and greater proportion water was transpired from 
intercostal areas rather than from the more distant marginal areas. Ap- 
parently intercostal blotches were the result this changed pattern 
transpiration. 


Occasionally, what appeared type water-soak blotching 
developed several days after the application monuron. This slow-acting 
type was usually greyish colour and will dealt with later the 
section indeterminate grey blotch. 


Silver necrotic leaf blotch 

Silver blotch first appeared silvering, greying, glazing the 
upper leaf surface (Figures and 6). some cases affected the major 
portion the leaf the same time but others affected first limited 
area and gradually increased throughout the the blotches were 
limited extent they did not develop definite pattern but were either 
marginal, intercostal, adjacent secondary veins. excised bean 
leaves, where limited supply chemical entered the leaf, silver blotch 
developed leaves without water-soak blotch present well leaves 
with previously developed water-soak blotch. the latter case the silver 
blotch was frequently adjacent the browned water-soak blotches but 
occasionally developed quite apart from such blotches. With time the 
silver blotch areas turned brown colour, became flaccid, and dried. 
the early stages development the lower surface the leaf remained 
normal appearance but it, too, soon turned brown colour 
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blotch developed. its brown stage silver blotch was indistinguishable 
from the later stages water-soak blotch. 


Excised primary leaves 4-weeks-old bean plants grown slatted 
greenhouse July, placed p.p.m. monuron for three hours under 
600 ft.-c. fluorescent light, and then held full sunlight the greenhouse, 
developed extensive silver blotch four six days after treatment. 
These leaves had internal concentration micrograms monuron 
per gram fresh weight which was approximately one-tenth the internal 
concentration required for extensive production acute water-soak blotch 
similar leaves. Silver blotch did not appear until the second third 
day after treatment and under certain conditions its appearance was 
delayed seven more days. Young leaves were more prone silver 
blotch than were old leaves and the rate development leaves from 
plants grown sun was slower than was leaves from plants grown 
shade. Bean leaves grown July August under slatted shades the 
greenhouse had exposed full sunlight produce silver blotch, 
whereas plants grown February produced silver blotch 1000 ft.-c. 
light from either fluorescent incandescent lamps. These results 
suggest that relationship exists between the light intensity necessary for 
the development silver blotch and the light intensity under which the 
plants were grown. date, bean the main species which silver 
blotch has been observed. 


Indeterminate grey necrotic leaf blotch 


mentioned above, the section describing acute water-soak 
blotch, type greyish-coloured water-soak blotch sometimes developed 
several days after treatment. This delayed-action type was encountered 
when excised bean leaves grown under winter conditions low light 
intensity and short days were treated with 100 micrograms monuron 
per gram fresh weight and then held 1000 ft.-c. light, 80°F., and 
per cent relative humidity. These leaves developed few isolated blotches 
the acute type within hours but the third and fourth days after 
treatment greyish-coloured water-soak blotch developed addition 
the necrosis already present. Frequently this blotch remained grey 
colour the leaf dried. 

When bean plants treated with monuron were exposed full sunlight 
following several cloudy days, portions lamina quickly became greyish 
coloured, water-soaked, and limp (Figure 4). the leaf blade curled 
and dried, changed from grey light brown colour. some respects 
this blotch resembled the effect sunlight bean leaves severely wilted 
from lack water. 


Although its grey colour was the distinguishing characteristic this 
type blotch usually included water-soaking and wilt, both which 
are found other symptoms. Difficulty has been encountered 
characterizing this blotch and until more known about its development 
being classified indeterminate grey blotch. 


Wilt 
mentioned above, wilt may associated with different types 
necrotic leaf blotching. With water-soak blotch and silver blotch was 
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usually secondary appearance and the two types symptoms could 
distinguished from each other. Sometimes wilt was associated with 
necrotic blotching produce indeterminate grey blotch. Occasion- 
ally, however, intact leaves tomato, spinach, bean, extensive wilt 
developed unaccompanied other symptoms. this latter type 
wilt that will discussed here. 

If, several days after treatment with eight p.p.m. monuron, plants 
were placed under conditions high temperature and high light intensity 
entire leaves occasionally became irreversibly wilted. tomato the wilt 
started the tip the terminal leaflet and gradually progressed down the 
leaf. bean, however, the entire leaf blade wilted simultaneously 
produce limp greyish mass (Figure 7). 

Superficially, least, this symptom resembled the wilt from certain 
fungus diseases caused species Fusarium and Verticilium (3). 
preliminary tests, differences the severity necrotic blotch and the 
rate symptom development were noted when excised shoots Pan 
American, wilt resistant variety tomato, and John Baer, wilt 
susceptible variety, were treated with monuron. White (10) fractionated 
the toxin from the oak wilt fungus into two components, one which 
produced wilting oak leaves while the other component produced necrosis. 
Monuron has produced both wilt and necrosis tomato, spinach and bean. 


Petiole collapse 

Sometimes the petioles wilted leaves bean, spinach, tomato 
collapsed produce what resembled damping-off lesion (Figure 8). 
observed date, this collapse the petiole developed either simultan- 
eously shortly following the wilting the lamina. 


Stem collapse corn 


Monuron the growth medium corn seedlings resulted collapse 
the stem close ground level (Figure 13). This stem collapse developed 
plants devoid other necrotic symptoms well plants exhibiting 
necrotic blotch the margin apex leaf blades. Prior the actual 
collapse, the base the stem turned brownish colour and brace roots did 
not develop (Figure collapse the stem the leaves soon withered, 
turned brown and died. 

Corn grown nutrient cultures developed stem collapse from ex- 
ternal concentrations monuron varying from 128 p.p.m. The 
collapse developed somewhat faster from the higher external concentrations, 
but direct relationship did not exist between external concentration and 
the time development stem collapse. Onset collapse did not start 
until six nine days after the chemical was applied. date, stem 
collapse has developed corn but not barley. 

When collapsed stems were sectioned the shoot apex appeared normal 
but the ground parenchyma the internodes just below the apex had 
disintegrated and produced effect simulating soft rot. the leaf 
blades remained turgid until the stem collapsed, the xylem must have been 
functioning supply the leaves with water. When stems that were 
brown colour but not yet collapsed were sectioned, the brown colour 
was confined the outer leaf sheaths. 
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12. Effect monuron soil application the roots and shoots 
bean plants. Sliding panel front glass special planting box was removed 
for the photograph. 


13. corn. Left—water control; right—potted corn plants 
watered with p.p.m. monuron. Photographed days after start treatment. 


14. Close-up stem collapse Figure 13. 
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The position the collapse suggests monuron accumulated toxic 
concentration the internodes close ground level. The possible role 
the production this stem collapse (a) the scattered vascular bundles 
through the transection corn, (b) the intercalary meristem 
monocotyledons must await further experimentation. 

Rapid yellowing 

Occasionally mature leaves bean treated with monuron rapidly 
turned yellow colour (Figures and 10). This yellowing was either 
localized affected large areas the leaf blade. localized was 
either marginal close the primary veins the basal part the blade. 
Low light intensity and high temperature favoured the development 
the yellowing. This effect resembled the yellowing normally accompanying 
senescence but developed more rapidly. 


Abscission 

Moderate dosages monuron frequently caused the blade bean 
leaves absciss from the petiole. The development necrotic blotching 
rapid yellowing portions the leaf blade usually preceded this 
abscission. leaf tissues were killed rapidly, however, then blade and 
petiole withered simultaneously without abscission taking place. 


Partial Chlorosis 


the second third day after monuron was applied the roots 
corn and barley the shoots developed light green yellowish green 
colour. Entire leaf blades were affected simultaneously and the time 
development and extent chlorosis was the same for external concentra- 
tions and 128 p.p.m. Once this partial chlorosis had developed 
these two species did not appear change with time and there was 
apparent relationship between the chlorosis and the development necrotic 
blotch. the leaves retained fair proportion their green colour the 
symptom called partial chlorosis distinguish from the rapid yellowing 
described above. 


Occasionally partial chlorosis was observed bean leaves (Figure 11). 
Unlike corn and barley, however, the chlorosis bean was sometimes 
localized marginal areas, intercostal areas, the immediate vicinity 
secondary veins. August when bean leaf, which partial chlorosis 
had developed 700 ft.-c. fluorescent light, was transferred full 
sunlight, the chlorosis quickly assumed the appearance silver blotch. 


The occurrence partial chlorosis suggests interference with the 
nitrogen metabolism. Freed (2) has reported that monuron treatment 
increased the protein nitrogen within the plant and decreased the nitrate 
absorption. 


Mention should made the rare development excised leaves 
bean and tomato effect counter partial chlorosis. concentration 
monuron too low cause necrosis protected the leaves from the custom- 
ary senescent yellowing that usually developed seven ten days 
after the leaves were excised from the plant. 
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SEQUENCE SYMPTOM DEVELOPMENT PLANTS 


the previous section the various symptoms that developed from 
applications monuron have been treated individually. Rarely, however, 
did monuron symptoms occur separate entities but rather two more 
symptoms developed association with each other. Sometimes this 
association masked the individual symptoms. The combination 
symptoms that developed and the sequence their development depended 
such factors plant species, dose, and environmental conditions. 
Some idea the combination symptoms that may occur will evident 
from the following description symptom development corn and 
tomato: 


Corn. field corn was grown aerated solution cultures the 
greenhouse June. Each culture consisted plants. When the 
seedlings were weeks old monuron was added the nutrient medium. 
Concentrations 128, 32, and p.p.m. monuron produced water-soak 
blotch one, three, and six days respectively, partial chlorosis the 
second day all three concentrations, and stem collapse eight, six, and 
nine days respectively. severity the chlorosis and the time its 
development was identical with the three concentrations monuron. 
Once chlorosis was evident did not appear progress further. After 
developed, however, the shoots stopped growing and the early-morning 
guttation ceased. Necrotic blotch was first noted the margins the 
leaves midway between the ligule and the tip the blade. The affected 
area gradually enlarged direct relationship the external concen- 
tration monuron. the time that stem collapse appeared the shoots 
all plants and 128 p.p.m. monuron were severely affected with 
necrotic blotch and doubt would soon have been killed it; but 
p.p.m. monuron only the plants had necrotic blotch present and 
they were affected only slight degree. When stem collapse appeared 
immediately became the predominant effect. Although was not 
definite which the two symptoms, necrotic blotch stem collapse, 
was responsible for the death the plants 128 p.p.m., stem collapse 
was the primary cause death the corn plants concentrations 
and p.p.m. 
Tomato. 6-weeks-old potted tomato plants grown the greenhouse 
December and January were watered from the bottom with monuron 
solutions. Concentrations 32, and p.p.m. produced water-soak 
blotching three, four, and six days respectively and wilt four, seven, 
and ten days respectively. With water-soak blotch the time appearance 
and the rate development were direct relationship the external 
concentration monuron. With wilt, the time appearance was 
direct relationship the external concentration, but once appeared its 
rate development was approximately the same all concentrations. 
p.p.m. monuron most the leaves had extensive water-soak 
blotching present before wilt appeared. When the wilt developed was 
associated with blotching and result was localized. The midrib 
remained held the leaflet outstretched position the 
blade turned brown and dried. Water-soak blotch appeared the 
primary cause death the tomato leaves p.p.m. monuron, although 
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possible that wilt was contributing factor. p.p.m. monuron, 
however, very small portion the leaf blade was blotched when wilt 
developed. the whole leaflet quickly became flaccid pendulous mass 
the mid-vein was affected the same time the blade. p.p.m. 
monuron wilt was the primary cause death the tomato leaves. 


From this description symptom development corn and tomato 
evident that relationship exists between the external concentration 
monuron and the relative importance certain symptoms. With 
external concentration 128 p.p.m., water soak-blotch was the predomin- 
ant symptom and under conditions promoting rapid transpiration 
developed quickly and soon encompassed the whole shoot. Wilt stem 
collapse, the other hand, was the predominant symptom with external 
concentrations p.p.m. These latter two symptoms developed 
slower than water-soak blotch but the killing the plants all three 
symptoms were equally effective. 


DISCUSSION 


apparent from the evidence presented that differences occurred 
the time onset visible symptoms. Acute water-soak blotch devel- 
oped within matter hours but wilt, stem collapse, silver blotch, and 
indeterminate grey blotch required several days. These latter, delayed- 
action symptoms required elapsed time interval between treatment and 
development the visible symptoms rather than being chronic lingering 
their actual development. internal concentration monuron 
excess 100 micrograms per gram fresh weight was required produce 
extensive acute water-soak blotch. achieve this concentration required 
exposure high external concentration under conditions conducive 
rapid transpiration. Whenever sufficient monuron entered leaf give 
the required high internal concentration, then acute water-soak blotch 
developed. Internal concentration, therefore, was the critical factor 
determining whether not acute water-soak blotch would develop. Wilt, 
stem collapse, and silver blotch, the other hand, developed from internal 
concentrations less than micrograms per gram fresh weight and were 
produced low external concentrations. The difference required 
internal and external concentrations such that acute water-soak blotch 
might develop extensively from soil sterilant applications 
per acre, but the delayed-action type symptoms would predominate 
from pre-emergent herbicidal applications Ib. less per acre. 


What can inferred from these symptomatological studies regarding 
the toxic action monuron? Treatment with monuron has produced 
such dissimilar symptoms necrotic leaf blotch, wilt, partial chlorosis, 
and rapid yellowing. This diversity symptoms suggests either that 
the chemical affected several different physiological processes within the 
plant, that initiated chain reaction the cellular physiology with 
expression several processes. 
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MAGNESIUM, CALCIUM, AND BORON NUTRITION THE 
STRAWBERRY RELATION BLACK ROOT 


(Received for publication April 20, 1956] 


ABSTRACT 


experiment was conducted order study the effects all possible 
combinations three different concentrations the elements magnesium, 
calcium, and boron upon strawberry plants the variety Senator Dunlap 
growing sand culture. The effect these treatments the contents 
the three elements was determined spectrographic analysis. 

Increasing the concentration magnesium the culture solution tended 
increase the accumulation magnesium and decrease the accumulation 
calcium the plants. Increasing the concentration boron the 
culture solution tended increase the accumulation boron the plants 
and decrease their yield fruit. All plants growing culture solution 
containing 0.5 p.p.m. boron developed both foliar symptom character- 
istic boron toxicity, namely, marginal chlorosis the leaves, and certain 
symptoms characteristic strawberry black root disease, namely, gradually 
extending necrotic areas upon the crowns and roots. The fact that the 
foliar chlorosis symptomatic boron toxicity strawberry appeared upon 
plants supplied with relatively low concentration boron confirmation 
the low boron requirement the strawberry. The fact that the typical 
foliar symptom boron toxicity was all cases accompanied certain 
symptoms characteristic black root disease, namely necrosis crown and 
roots, seems suggest that the latter, this instance, were also symptomatic 
boron toxicity. 


INTRODUCTION 


The heavy losses resulting from the disease known strawberry 
black root, root rot, are increasing concern the growers straw- 
berries. 

The symptoms strawberry black root, observed the authors, 
may described the following terms: The first visible symptoms 
‘become apparent during the reproductive phase, when the fruits are half 
grown. diseased plant may chlorotic and stunted. During dry 
weather may wilt severely. disease particularly characterized 
the appearance small necrotic areas upon the base the crown. 
These areas gradually extend and merge until they include the entire 
crown. The extension necrosis upon the crown accompanied 
gradual dying back the lateral roots. These become corky texture 
and black brown colour. The outer cortex may loosen and peel. 
Following this, areas rot may appear upon the roots. severe 
instances the rot may extend rapidly involve the entire root 
system. such cases the plant may die within few days. 


The symptoms described above closely resemble those portrayed 
Coons (1), Nolan (9), Plakidas (10), and Strong and Strong (13). However, 
considered that the symptoms strawberry black root are not 
invariable. 

1 Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., Canada, 

Journal Series No. 408. 

Assistant Professor Horticulture, Macdonald College. 
Research Officer, Canada Department Agriculture, Fredericton, N.B. 


‘ Associate Professor of Horticulture and Chairman of the Department, Macdonald College. 
Associate Professor of Physics, The University of New Brunswick. 
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The cause strawberry black root obscure. Although fungi having 
phytopathogenic propensities, such Rhizoctonia solani, Cylindrocladium, 
and Cylindrocarpon (6), have been isolated from the roots strawberry 
plants exhibiting the symptoms black root, Strong and Strong (13) and 
Roberts (11) consider that such isolates not initiate the disease. 


The fact that foliar chlorosis often accompanies the more character- 
istic symptoms strawberry black root, namely, gradually extending 
areas necrosis upon the crown and roots the affected plant, seems 
suggest that the nutritional status the strawberry plant may factor 
related the development black root disease. Accordingly, the experi- 
ment described this paper was carried out order study the effects 
varying the concentrations magnesium, calcium, and boron supplied 
nutrient solutions strawberry plants growing sand cultures, and 
test the findings Shear, Crane, and Myers (12) who reported the existence 
certain interrelationships between these elements the nutrition 
plants. 


MATERIALS AND METHODS 


Design Experiment 

factorial design was used ascertain, simultaneously, the treat- 
ment responses domestic strawberry (Fragaria virginiana crossed with 
Fragaria chiloensis) plants the variety Senator Dunlap, growing sand 
culture, all possible combinations three different levels each 
the elements magnesium, calcium, and boron fed the culture solutions 
magnesium sulphate calcium chloride 
and boric acid Each the treatments was replicated three 
times. There were, therefore, cultures, each which contained one 
plant. The cultures were arranged three randomized blocks 
plots (plants) each. 


Reference the various concentrations the treatment elements 
was made means the following self-explanatory code: 


M1, M2, represent 2.8, 14, p.p.m. magnesium, respectively 
Ci, C2, represent 9.6, 48, 220 p.p.m. calcium, respectively; 
B1, B2, represent 0.02, 0.10, 0.50 p.p.m. boron, respectively. 


Culture Solutions 

Distilled water and chemicals analysed grade were used the prep- 
aration the culture solutions. addition magnesium, calcium, and 
boron supplied described above, each 5,000 ml. solution contained: 


KH>2PO; 1 1421 gm. Fe(NHsg)s 0. 1486 gm. 
1.7115 0.0003 
NH,NO; 5.5028 NazeMoO, 2H.O 0.0006 
0.0035 0.0011 


The reaction each nutrient solution was adjusted the 
addition nitric acid potassium hydroxide required. 
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Culture Methods 


Healthy, uniform experimental plants were subjected chilling 
period days temperatures not exceeding 40° They were then 
grown for 104 days sand culture, one plant each culture vessel, 
greenhouse with thermostatic temperature control set 65° The 
air temperatures fluctuated within the range 60° 75° The culture 
vessels were 1-gallon (Imperial) glazed crocks with bottom drainage. 
Each was filled within one-half inch its top with sterile quartz sand 
passing 14-inch mesh but not 28-inch mesh sieve. This sand yielded 
detectable amounts boron when extracted with 0.5 AnalaR 
hydrochloric acid and hot distilled water described Eaton (2). 

Prior each application culture solution, the sand was thoroughly 
leached with distilled water order avoid toxic accumulation salts. 
The culture solutions were applied twice each week, 250 ml. aliquots, 
each culture. Between applications the sand was kept moist the 
addition distilled water. The amounts water applied were not 
sufficient produce overflow drainage the bottoms the culture 
vessels. 


Analytical Methods 

Each experimental plant (roots, stem and leaves) was oven-dried 
recorded constant weight, macerated, ashed muffle furnace 
temperature 450° C., and thoroughly mixed ensure homogeneity 
sampling. Ash samples, each weighing mgm., were prepared for 
spectrographic analysis. each sample was added mgm. tin. This 
provided spectral line which served internal standard. The 
magnesium, calcium, and boron content each plant was determined 
means Hilger spectrograph and Kipp microphotometer. The 
techniques followed were essentially those described Mitchell (8), and 
Twyman and Alsopp (14). 

Although the yields fruit were recorded, the fruits were not analysed 
for magnesium, calcium, and boron. 


RESULTS AND DISCUSSION 


Analysis variance the primary data revealed that there were 
interactions between the different treatments the percentages 
magnesium, calcium, boron the plants, nor the fruit yield the 
plants. The primary data, used for analysis variance, are not presented. 
Figures representing the averaged spectrographic analyses, and the averaged 
yields, from three blocks treated plants, are given Tables and 
Table gives the numbers plants which showed symptoms boron 
toxicity and black root disease. These tables show clearly the principal 
effects the various treatments. 

examination the figures given Table reveals interesting 
relationship between the magnesium and calcium content the plants 
and the concentration the former the culture solution. Increasing 
the concentration magnesium the culture solution tended increase 
the accumulation magnesium and decrease the accumulation calcium 
the plants. With regard these effects varying the concentration 
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TABLE 1.—AVERAGE MAGNESIUM, CALCIUM, AND BORON CONTENTS STRAWBERRY 
PLANTS GROWN 104 DAYS SAND CULTURE SUPPLIED WITH NUTRIENT 
SOLUTIONS CONTAINING ALL POSSIBLE COMBINATIONS THREE 
CONCENTRATIONS! EACH THE THREE ELEMENTS. 


Results are expressed mgm. per gm. dry weight and represent 
averaged analyses from three blocks treated plants. 


Magnesium Content? 


Calcium 
Boron 
0.18 0.13 0.14 0.15 0.15 0.17 
0.45 0.35 0.45 0.52 0.54 0.46 
0.59 0.46 0.42 0.51 0.55 0.53 


1 Code: M1, M2, M3 represent 2.8, 14, 70 p.p.m. magnesium, respectively ; 
<4, €2, C3 represent 9.6, 48, 220 p.p.m. calcium, respectively; 
B1, B2, B3 represent 0.02, 0.10, 0.50 p.p.m. boron, respectively. 


2 Increase with increasing magnesium concentration is significant at the 1% level for M3 over M1 and M2. 
® Decrease with increasing magnesium concentration is significant at the 1% level for M3 over M1 and M2. 
4 Increase with increasing boron concentration is significant at the 1% level. 


magnesium the culture solution, the effects p.p.m. the solution 
were significantly greater the per cent level than the effects either 
the concentrations 2.8 p.p.m. Further, the figures given 
Table show that the boron content the plants increased with each 
increase this element the culture solution. This was significant 
the per cent level for each increase the concentration boron the 
solution. 


Increasing the concentration boron the culture solution tended 
decrease the fruit the plants, shown Table This effect 


7.8 8.0 7.5 7.6 
0.18 0.15 0.16 
0.33 0.43 0.36 
0.59 1.05 0.93 
| 
0.37 0.54 0.48 
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TABLE 2.—AVERAGE YIELDS FRUIT (GRAMS PER PLANT) STRAWBERRY 


Average 


22.09 33.17 19.11 24.80 
17.34 14.22 10.58 14.05 
0.00 0.00 0.00 


19.14 21.33 27.87 13.25 15.92 19.01 
8.09 7.26 15.13 9.45 7.49 10.69 
0.00 0.00 0.00 1.04 0.35 


11.39 9.08 9.53 13.14 15.80 9.91 12.95 


1 Culture conditions as given in Table 1. 
2 Code as given in Table 1 ‘pe Salant 
3 Decrease with increasing boron concentration is significant at the 1% level. 


was significant the per cent level for each increase the boron con- 
centration the solution. will seen that boron concentration 
0.5 p.p.m. drastically reduced the yield fruit, almost stopping fruit 
production altogether. This result accordance with that obtained 
Gilbert and Robbins (3). 

Table shows that all plants supplied with 0.5 p.p.m. boron the 
culture solution developed both foliar symptom characteristic boron 
toxicity, namely, marginal chlorosis the leaves, and certain symptoms 
characteristic strawberry black root disease, namely, gradually extending 
necrotic areas upon the crowns and roots. The above-described symptoms 
black root, unaccompanied the foliar symptom boron toxicity, 


TABLE 3.—NUMBERS OF STRAWBERRY PLANTS! SHOWING SYMPTOMS OF BORON 
TOXICITY AND BLACK ROOT DISEASE 


Mi? 


Boron toxicity 


1 Culture conditions as given in Table 1. 
2 Code as given in Table 1. 


Mi? M2 |__| 
Black root disease 
- - - - - 1 - - - 
3 3 3 3 3 3 3 3 3 
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also appeared upon six plants supplied with 0.1 p.p.m. boron and upon 
one plant supplied with 0.02 p.p.m. boron. Small areas rot appeared 
upon the roots some the affected plants. The fact that rot did not 
occur upon the roots all the affected plants seems suggest that rot- 
producing organisms were secondary invaders. 


marginal chlorosis leaves well known indicative boron 
toxicity resulting from excessive absorption boron. That this was 
the case the present instance indicated the figures given Table 
which clearly show that the boron content plants supplied with 
culture solutions containing 0.5 p.p.m. boron greatly exceeded that 
plants supplied with solutions containing 0.1 and 0.02 p.p.m. this element. 
The fact that the typical foliar symptom boron toxicity was, all cases, 
accompanied certain symptoms (other than root rot) characteristic 
black root disease seems suggest that the latter also resulted from 
excessive absorption boron. The authors suggest that conditions 
boron toxicity simply excessive boron may promote the invasion rot- 
producing organisms. This may afford explanation for the develop- 
ment small areas rot upon the roots small number the plants 
exhibiting certain other symptoms described above. 


With respect the amounts boron continuously available for 
absorption experimental plants the authors suggest that not probable 
that complete control the available concentrations nutrient elements 
can achieved with solid phase supporting medium, such sand, 
because the variability particle size, and the difficulties inherent 
the prediction the effects the base exchange phenomenon and certain 
phenomena related diffusion. may possible, some instances, 
for plants supplied with extremely low concentrations boron, the culture 
solution, absorb relatively iarge amounts this element. This may 
afford explanation for the appearance black root symptoms 
number cultures other than those the 0.5 p.p.m. boron series. 


The results reported here indicate, agreement with the observations 
made Latimer (7), Iwakiri and Scott (5), and Hoagland and 
Snyder (4), that the boron requirement the strawberry very limited, 
and that relatively low concentrations boron available for absorption 
are likely produce toxic effects. 
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NOTE POLLINATION CONDITIONS POSSIBLE 
SOURCE VARIATION ALFALFA FORAGE YIELDS 


general, open-pollination alfalfa has been assumed largely 
due cross-pollination, but there appear now some indications that 
this concept may need revision. 

Several years ago, while with the Swedish Seed Association Ultuna, 
the writer observed marked variations the height Grimm alfalfa 
stands originating from different seed sources. Similar growth differences 
have been noted other instances which the seed had come from different 
localities. Since inbreeding depression and hybrid vigour are well 
known occurrence alfalfa, the most plausible explanation this growth 
phenomenon appeared differences pollination conditions 
respective seed production localities. 

Recently more data this question were obtained. the fall 
1955, Ferax alfalfa nursery, number plants were selected for mother 
plants because their good seed setting and medium good vegetative 
growth. The seed from these plants was collected, after 
which the plants were transferred the greenhouse and hand-intercrossed. 
mid-winter both open- and self-pollination seeds were sown greenhouse 
flats. the same time clones from the respective mother plants were 
started from cuttings. the following spring, plants each 
the three kinds (for each mother plant) were planted the 
and plants, spaced 3’, were arranged paired rows; 
“Clone” plants, 3’, were set adjacent plot. mid- 
September all surviving plants were harvested and their cut-weights 
immediately recorded. Although adequate space for development 
plants their first season had been allowed, severe early season droughts 
had reduced the stands, and some sets with many missing plants were 
discarded. Yield data, given Table are only for sets which con- 
sisted least plants each open- and cross-pollination origin and 
least corresponding clone plants. 

The yields Open and Cross progenies are directly comparable; not 
single Open progeny yielded highly the corresponding Cross progeny. 
the average Open yielded only per cent the Cross. This could 
expected the field extensive selfing instead natural crossing had 
occurred. The possibility might also considered that low yields from 
Open progenies might have been due the participation inferior pollen 
plants the field, while for artificial intercrossing the greenhouse 
superior plants were used. Observations during the flowering period 
1955 indicated, however, that almost cross-pollinating insects were 
active the nursery. Hence, seems highly probable that the field 
self-pollination actually took place and the low yields the Open were 
attributable it. 

Additional information for breeding work may gained from correla- 
tion coefficients calculated from data the Table. Coefficients were 
found 0.465*** for Clone vs. Open; 0.386** for Open vs. 
Cross, and 0.211 for Clone The first two correlations were 
highly significant, while the last one failed significant the 0.05 
level. This means that one may expect significant positive correlation 
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TABLE 1.—GREEN MASS WEIGHT, LB. PER PLANT, CLONE PLANTS AND RELATED 
PLANTS FROM OPEN- AND CROSS-POLLINATION 


Open | Cross 
poll. poll. 


2.0 


Open | Cross Set 
poll. poll. No. 


2.0 i. 1.9 37 
2. 1 2.1 38 


i. 39 


Clone Clone 


40 
41 
42 
43 
44 
45 
46 


w 


N 


47 
48 
49 
50 
$1 
52 
53 


NR 


a wa 


Mean 2.28 


between yields mother plant and its open-pollination progeny selfing 
has prevailed, while significant correlation may found chiefly 
crossing has taken place the field. These results make clear, too, that 
data obtained combining abilities polycross nurseries may properly 
evaluated only pollination conditions nurseries are known. 


Further, view high yield differences that may due different 
pollination conditions, appears that yield trials small-percentage 
differences may not necessarily indicate different yielding capacities the 
varieties and strains under test. may, therefore, suggested that for 
critical yield tests, information concerning pollination conditions seed 
lots entering trials should supplied. Estimates natural crossing might 
secured including plants male-sterile lines the seed plots. 


—KARLIS LESINS, 
Research Associate Forage Crops, 
Department Plant Science, 
January 30, 1957 University Alberta, Edmonton, Alta. 
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